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The ARPANET js co. Preaupce of the Defense. Advanced 
mesearcn Projects Agency (DARPA), Lt began as a probect tn 
mieeeieate 1900s im whick DARPA was looking for a method to 
Myer toadether several DARPA=funded comouter resources and 


form 42 mations) network hy wach those comouters “could 
interact. Tne key feature which made tnat effort standout 
meom previous work was the idea of "macket switchina™ as 
Bemesed to the circuit switching which had been used so 
mmemaientliy orior to that time. 

Pemmacs a orhef exohanation of what packet switching is, 
wil] hela at LALS SOs tes Packet Switching 1s a method 
whereoy sma!i!l oackxsages (nackets) of information are sent out 
Instead of one Ilona messaace. Esch individual packet of 
mecormation has a header of address information added onto 
mmemactual messaqne oits comoosina the information oortion of 
the oacket. Nir the address information available on each 
Dacket, the individual packet does not have to necessarily 
meeiven the Same route electronically as did the preceding 
packet. At the Jestination these packets are then 
Reassembley in the eroeser order to form an entire message. 
Baethis mnanner, several routes of travel are open for 
meamsfer of oackets. frais structuming= Vs an econemie factor 
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Moe sthat far fewer trunks are recuired to send data. Tt was 
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PoSmecamomy tEhat DARPA was pnuUrSUIMNa In addition 1,9) tving 
together TES Gomouiber resources when 1t develooed ARPANET. 
NAPPA jJetermined that packet Switchina would oermit 
Bemething in the nature of SN 2 trunks.to be-.used for N 
esco, communicate rather than the previous N(N-t)/2 
trunks reauired atherwise. [8] With =a SO hosts, packet 
mupeenrna reacuires only 75 trunks as onposed to i225 trunks. 
feu ae nindred hosts the number skyrockets to 30 times as 


Sapweerun<s required as when not ustng packet switching. 


DARPA managed? to tie tegather literally hundreds. of 
comeuters and nor Peguirs that al?l be of the same make DY 
mayne a virtual terninal CONnCeEOE. They formulated 3 
weamdardized terminal eerformance and connectivity to which 
any other make or tvyoe hardware would be interfaced fF 
connected to the system. BR eivenm location could then use 
mmyverome Of a nunber of the comouters on the network and each 
comouter would ne Capable ef conmunicatimoa with any other. 
Beg@emnaix C lists sone of the tvoes of computers currently 
Being used on the ARPANET svstem. 

farms whiten walt be oertinemt yn this section and 
commonly used are Host, IMP anc TIP. A Host vs any site 
which matIntains 30 onvoard connputer connection at its 
maeation, BS epoosed fo simolyvy having a terminal connection 
Evrma into the network. TMP and TIP coth are tne nodal 


connections to tha NE er Nie Ts Nhere thase two differ 18 an 
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ieee s a connection for one to eiqhtsen Hosts (fa-function of 
heina an Maa erin s i Pty, and tre ULP 1S a connection 
morem Can suooort Hoth Host(s) and terminals. The TLE aiso 
meer the. TlP or Pluribus TIP versions, with only. the 
PYTIrP versions currently keing available. The IMP handles 
one to four Hosts whereas the Pluribus IMP handles multiole 
Meese fhe TIP handles one to three Hasts, but also 
meme rts UO to 63 terminal cannections. The PITIP jis similar 
Bameerre Pluribus FMP but handles: ua to 635: terminals in 
eoartion.[7] 

Roturnine then to the virtual terminal concept, the 


Host svsten 1} 


Ww) 


askad to only have connectivity with a single 
Memaginary) terminal called the Metwork Virtual Terminal 
CNVT). Phe user's TIP’ translates the data he types to make 
meoag< }ik> virtual terminal code, and translates the 
Pemote system's rescsconse hack jImto his terminal ’s code. 
Mertiial terminal code includes symbols which do not exist on 
Seoarticular user's keyboard. Therefore, combinations of 
Certain kevs are used to reoresent that virtual code. That 
maemiwhere the control kev, in conjunction with other keyS, 15 
frequently utilized. 

The NvT has 1228 keySre Some in ucpner and lower case 
pairs. trese “keys “cormesoond to the ful! ASCIT ser. In 
memutronm, there are the control keys, like the "RREAK" key. 
The terminal ts caspoole of full “and halt duplex operations 
lmgder contro) of sa user controlled switch. Thuse every TIP 


exoects to receive and always resoonds in the Network 
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Virtual Terminal coce. [41 

Po the typical course of a user interacting with the 
ARPANET, ror Mstisos ft rPanso? re. The user first establishes 
the hardware cower to his terminal. Second, ne establishes 
some tyne af dialogue with tne ie ym order to form a 


Berticular set of carameters under which he is to operate. 


Mummene cass of use at the Naval Postaraduate School, this is 


meemeeray an 'r' or an ‘e' se =Synenronrze the  stgnal and 
feclare terminal tvoe. the third “steo 1S to ‘oben! a 
e@mimect von to the remote Host for operation. Finally, the 


meer vanores the TIP and talks to the Host until logaina out 
meecmat Host. 
ee “ieraorocramnahle Buildina Block IMP 

The followina information describing the MBB IMP was 
furnished by “Vartin Makes of Bolt, Reranek and Newman. This 
MS a Mew svstenm currently under develooment at 6, R and WN. 
fae intent Pea to devweloo a system that can replace the 
eomeywe!l? $16 used for TIPs. The VRR will be more powerful 
in meot comoOuUtTINnG Candahility while costing aoproximately 
Ome=fifth as much as the oresent esutoment. 

The MSA Interface Message Processor (IMP) 

ts a Network Node built around an MBB processor. 


ies “Vas as 4 o0e—bpit computer with Error Detection 


and Correctian Vamoryve EY nS 
micronrnaararmable with a S2-b it microword 
lenath. Smal! hoards can customize the 
erocessor, and toaether with microcode, allow 
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the AA tr amulate many 16-bit computers. As an 
tir at emulates the Honeywell | Slo, the hasic 


maIGiineg of the artaimal ARPANET Nodes. 


The 16.8 LMP nas Sek words. of memory, and 
runs 31] mae yilee IMP soktwere directly, and so has 
manilar iltimitatrons. The basic IT™P interface 
Cara suooorts 4 VSee-style Host Ports, and 6 
Syncrronous “Modem Parts. Modem Ports suoport 
either inter=node communication lines (LINKS) 
or Hosts connected usina Synchronous 


Poammunicaticn Ports. 


The IMP software currently suoports a maximum 


of ts one Ports (whether local 182e2 or remote 
evoGcmronous) and a maximum of 4 LINKS. et also 
has a maximum limit of S Svnechronous Modem 


Parts twhether  LtsiKS =" -olr remote FigisitiS)s En 


agit tr1ons, the maxinun number of ocorts supoorted in 


cops MOU apl= wna Standard 19) ineh 
rack Caioame ti, and occupies 235 im@echies of 


Vertical space. Tt draws S00 “watts: of ocawer? 


“jerocede must oe re-loaded after mower 
fay lures usSIina a micro=cassette driver sunolied 
with the “BR, A mort oan the VBR supports a 


standard ASCII asynchronous terminal for use when 


rtinning Aneaainie Statics). The terminal 1s not 
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Stop lisaa hut ts only occasionally needed. 
aire esi load tests inagicate that the MBR 


ee canm handle 128 to 2.0 times the throughout of 


esol CF OPEFATING ON THE ARP ANET 

momen the costs for oDerating on the network were firrst 
Mmestraated, it seemed that the idea of connecting all 
mMaveal installaticrnrs to the network Jeoulad be prohibitive. 
However, once it was determined that a TIP coulda be utilized 
meem wnNcividusal bvase with ether bases accessing that Host 
py means of less exoensive connectionssy, the cost looked 
metrer, Hut still had a "frown' factor when mentioned. 
Continued investiaation has shown that research being 
eonducted an the “jcroorocarammanle Ruilding Block conceot 
memwrad cost much less than installation of the TIP ($20,000 
meeenrs?5,910) and would have capabilities on the order of a 
mast « It was also determineda that tne overall initial cost 
for a naval hase such as Naval Air Station Lemoore would be 
aooroxinately $100,900 UuUSINQ existing equioment. The 
Becurring nonthiv costs would he on the, order! Jof § 57400 
meecussion of how these figures were achieved is in the 
fOollowina oaraarachs. 

a Enitial Costs 

fiie ttems which were considered in the initial costs 
were the instal lation. > oF Phe STP or MpiB st the bases the 


mumGinase of Cathode Rav Tube €CRT) terminals, and printer 
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devices: and Pier Gost orethe computers, Cecg. POP ti/70s). 
mmemecosts used for this guroeose were taken from data on 
mes tor 1}lP installatron at the Naval Postgraduate School 
meemonterev, California and for GSA costs on eauipment in 
the Aviation Trainina Sunmoort System CATSS) at NAS Lemoore, 
Batitornia. The SRB” "costs “were estimated based on 
Information received from Bolt, Reranek and Newman which was 
qaoino tne r2asearcn on the “RR develooment ar the ‘time of 
Pesearch on fhis thesis. Costs for the ocerinheral devices 
mmeeerne C°lS, printers, and graphics terminals can soread 
Bvietrosa great range denendina on which models are desired, 
Gree TuUnCcCtIONS are needed and to what system they are to be 
connected. 

Pris with modems (ohone connection canability) are 
saovertised retail ny samy. stores for wnder 5700.00 each. 
Meemerorice 1S On | Dar with the price voaid for the Lear 
Oregler ANY=3 CRTs used at NAS Lemoore. Those particular 
Ges cost 704 ‘each anG= sare scomoataole = warth ARPANET. 
Aporoximately forty-five terminals of this nature are being 
eet the Aviation Training Supoert System (ATSS) at 
Lemoore. From there the orices rise up to whatever the 
buyer desires to pav. 

Painters, for hard copy outout when CRI terminals are 
used, WexewiT se vary tm orice aver a aqreat range. The Naval 
Beer agradiuat>s School had recently installed a laboratory for 


use in conjunction with the ARPANET. tnmee ally 
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Meeemade! LA 556 ocrinter were installed. The Tally printers 
eee ragcianle baud rate of 690.to 9600 in five steps and 
Gee. Digital Srimnter.pesva Variable baud rate ef 110 to 3090 
In three stens. Cost of hiah speed orinters 1s in the very 
broad neianoorhoad o f $3,900 to $13,000 and for the 
Peewriter around $1,500. Tnere are several similar machines 
che sam aqseneral orice ranges. The orice seems to be a 
mmervan of tne haud rate, in so far as the orinters are 
concerned. 

The orices for the comouters and maanetic tare were 
meamem from the costs of the Digital PDP 11/70 and Dec 
Magtape TE 16. Tne orice for the POP 11/70 with 64K memory 
Buns | aPpOroxinately 392,099. The Nec Maatape costs in the 
memmamoorhood of S24,0)09. NAS Lemoore had two RPL=4s with 48 
Megaoit storaxze which had cost Ppa 0.0. That was in 
memtionm to the PDP 11/70 they also owned. Taws. Lim | thre 
current Case the comnnuters already exist at the naval 
installation at Lemoore and can he made compatible with the 
AQPANET via Siig tai ere Fiaqure tana, ANependix 8B. lasts: the 
mamowars 1m existence at NAS Lemoore at the time of the 
researcn. 

Considerina existina nardware, the initial installation 
meets for 32 Pluribus TIP fmultjole haste 63 terminal 
maoacity) at VAS Lemoore could be as little as %$15,600+. 
Meet would be £5,100 for the first Host interface, 312,500 
for the software license fee and £431 for each two port LIU 


Gard. An MlUMmcat ats Mecau ime ator Gach two terminal ports 
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desired. 4oweaver, with all tne activities on the hase that 
shawed desire Moa. OneSueChm sa MetWwork, 7 WoUld just about 
Bemamperative to add at minimum one more PDP 11/70. Nath 
Peat the iiinitial eost would rise to something in the 
mmemity of £100,009. (7) Figure e of Ancendix BB comoares 
estimated costs for foseall ing several Individual 


mimrcomouter svstems with installation costs for an ARPANET 


ieee 
eee securrina Costs 
Tne recurrina costs for the system are very strarght 
forward. A vearly estimnate 1S made and 1s based on the 


eyerall! ARPANET oneratina and maintenance costs divided by 
hae total MuUMo Spor Lies and ITP’si. For the fiscal year 79 
em@eeeriscal year 8&9 the estimate was $6,496 per month. 
mammeact on the ARPANET with Larry Avrunin indicated that the 
Pecent ARSPANET installations at the Navy lahoratories have 
Pee running in the neiaqhborhood of $5,400 oer month. As 
more and nore nodes are installed, the individual recurring 
Meee Per node are dropping. One benefit of the diligent 
Monmbemance effort has been an operational availability, on 


mime network, consistently in excess of 99 ocercent. 


See kOTOCOLS ON ARPANET 

Certain oroarams have been written, in order toa achieve 
Barmyina deaqrees. of “eefuleess si within the ARPANET system. 
Once 3 requirement was established and a program was 
Standardized to operate on the system it was introduced as a 


Dro toca | . Dino Gocolis then are methods where certain 
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Maeereating orocecures that are followed allow a user to 
award much areater deqree of flexibility wn his use of 
Bem AMET ~ computens. The develooment of protocols is an 
On going oroaran, and 35 naw faatures are seen to be needed, 
memew Orotocol ts standardized and introduced... By. building 
mre orotoco!ls towards the conceots of the virtual terminal 
Bhey es Can be used anywhere in the system. Followina is a 
memor six of the more frequently used orotocols available 
on Giese ARP ANET system. The latest ARPANET Resources 
mamenGak “available at the writina of this thesis listed. 172 
Segarate orntocols. Not a1] orontocols are found on every 


s 


Most in tne network. The ARPANET Resources Handhook should 
be consulted Vatolipe = oc’ lwsernc Jat seuinpehe Hosts «thave awh tah 
protocols available. The latest issue is the February 1980 
eCOoy. 
ie use g ohelnet 

Mors ecommonlyrrcal ted ttelmet rs oathis | «protocol= was 
desianed to crovide a means wherein a user could communicate 
mena various Host comouters and also utilize other features 
Meee Fost other than the Host which he initially loaaged Onis 
This multiolexina of the terminal amona several remote jobs 
enables the user to have access to multiole directories at 
mre same or varied Hosts and be able to work all o f them 
without raag liner squhesofthane® sonthor trocworkingsin,another. 
Beagvtronally, the orotocol* as written is unique in two ways. 


411 Instructians ara antered into the system by use of a 


commantwrinterorater. The command-interoreter only 
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recoganizes tanse conmands/kevstrokes which it understands. 
Pte the wWser 1S unfamiliar with what 1s next exonected he need 
only tyoe a Question mark and fhe command=interoreter 
Sromots him. 

Commands whicn are tyded into the system can de used 
either to talk to the Host comouter to which the individual 
momeceinettinad, or they can be orders to a program = § at that 
MOIS t\. ios riecemmeands =. tor») the:  -Host are those which can be 
Ema@erstood oy the comnand-interoreter. Those commands) are 
the ones used iMmakima icine conmectaonss;- ativinGg orders. tio 
establish various soecific program functions for that telnet 
Besa vany,§ or  discannectina. Ince those commands have been 
eumers the user then 1s virtually able to operate on the 
Seimer. Host just as ne has been on his initial Host. 

[norcerkito telnet) to anothers Hostather user has. to 
know the nane, passwordsesand, accountseintormation, for the 
@urectory he will use ance the telnet connection is started. 
Saeesome instances it is vossinle to telnets not login and 
mame Cotain information from another Host. Features such 
@oeemai! checks, status checks of the system, determining if 
Bme@etrtain user is on another Host, etc. are included tn the 
Systen. 

in. adtadetion eto the standard connection and 
M@ysconnection festures the telnet eprotocol has also heen 
Weitten with other features to make it a more flexible tool. 
Memcag@ao1|!ttyvy nas heen added so that a user can establish 


multipole connections. wath this multioplexina, several 
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simultaneous Aohvensy “Came oe! Ccanrpred on. Within this, the 
user affixes a name to each connection made and he can then, 
at WEtaliel) 7 retrieve Ahem Oaimaweu bar EGOMmeact ton with a 


" 


Mretrieve.connection.nane” command. Features have also been 
made sucn frat tne user can command the comnuter to keep 
Beech all his non=current connections and notify him if 
Beere sis Outout activity on any of them. Another feature is 
one seen on radic freauency scanners like CB radio ooerators 
use today. This feature uses a command enabling the user to 
Rave the comrouter watch Wer pte prac vie 1conmection and 
sumomatically switch to that connection as it comes active. 
Seria eheatwnme tobe amenttoned. tSasthe,..one jwhich 
enadles 3 user to keen a file of a particular session at the 
terminal. Sy commandina the command-interoreter to make a 
tyoescriot at the heaainnina of the session, the individual 
Bema@ole to have in his directory at the end of a session a 
cony Ot eayery item tyned on thes terminal . ikhars 1s 
Barticular!lv useful in a situation where an individual might 
want fOyeuse the terminal in the active telecommunications 
mode (linkina) and have.a.,cooy)\ofas,the ¢anversation». when 
through. The teleconmunications mode will be discussed-in 
more detail later. However, to clarify the last comment, it 
Syomld be noted that lnjnkings ise Similar,.to.a) teleohone 
conversation oetween tio individuals, except the 
Bomversation is inout via the keyboard on the terminal. In 


Mine other ressects it is as real-time ais KSHMS teleohone 


conversation. 
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Vani; “of, MESES and others are all mail=handling 
Srodrans which ano Ve tre user” to ~ format, file, send, 
Peceive, edit and in aenersal handle mail or messages. They 
were designed as an electronic costal system with no stamps, 
envelooes or ratypina of nessaqaes which had been received 
ana were to he forwarded, The netrail system was made to be 


Baeer ce ficient and in some systems given a text editing 


Gacabrlity. Features and conmands are made available where 
the user can nerforn many of the functions such as 
answerina,r er= foruarcding Voft “mail ewrth “enly “a “sirgle 


Mevstroke to ootain the addressee, his address, which letter 
is being answered or forwarded. If additional comments are 
Aeostpead, they are, and then the new messaadce is forwarded, 


2eystroke. In most cases the author 
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Saainm with a 
exoerienced while usina various forms of the netmail 
protocol, nes messages arrived at destination im less than 
two seconds. Tn tne event the Host where tne message 1s 1319) 
Memredetivered is off-line, the system nas heen given a 


m31] and forwards Wee 
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fe3ture wherein he aueue 
Immediately when ther one r 7 Host returns on-line. All 
Systems the author has used have a feature where the user is 
notified wen loaaing Nn that he has new mail awaiting 
Smamination. He 3s additionally notified, wnen FUNNING a 
different orontacol, if he has new mail upon returning to the 
Bescmtcive feyvel of the ARFANET. For mat] which cannot be 


delivered Cauca tne Ssddressee directory is mo loncger active 
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Mmpeasteroast) tt ts olaced.in the sender’s directory under a 
file normally lareled unsent.mail or a similar name. 
Angneategdest of latitude is, aqiven tn how. particular 
Sevstems are managed. In most, a feature exists where the 
user can exanmine® only the headers of the mail. The headers 
meer mrormatteao hits of information. which lasts 2date. «ot 
Peceiot, sender, subiect and in most cases the length of the 
message. Lee tris. manner thie<« uisier, can «Skto, the longer 
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messages when he 15 
However, when 3 nessaqce is received, it is annotated with a 
Syvmmol Showing that it has mot been read. When the message 
is. tread, that symbol. is droowed. [ne tihise way the user as 


aple to call un headers only, and see which messages are 


unexamined messages are also 
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Femorted when the user locas onto a system. 


meeeile Transter Protocol 
EE A eee 
Vise as it 1s more commonly called, is exactly what 
mae mame iinolies. It was written as a protocol to enadle 
Phe transfer of information oackages within the ARPANET 
Systen. Foremost oof the Hosts, the wser ws’ reauired to know 
@ directory name, password... and.- sacoount ing information. 
However, in Some an anonymous login rs authorized or the 
meres are in what is called a public access directory and 
therefore require ne access accounting information. 
The FIP feature of the net is to data transfer, what 


Boing was to the automobile industry ifm mass DOroduction. 


Seeyma the author's nine months of using the ARPANET, files 
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Were treaquentliy nmeeded which were tm another directory, such 
Meietne ©assachusetts EPmnstitute af Technology. By ‘use of 
the Poe feature, those fillesreouilid belt ransterred to his 
myrectory at rhe [prormation  seivences “Institute ‘at the 
Omywersity of Scuthern California at the rate of nominally 
299 milliseconds per packet. thatine mMasorrtty of the cases 
Phis meant rPeceiot of files which were enuivalent to forty 
or Party tyoecqc oaqes in less €eianm ) oa minete “or. two. 
Fraquently those Tees would take as little as ten to 
fifteen seconds to ne transferred. 

The commands to transfer the files are as simple as 
myolmea the word "get", followed by the name of the file as 
meme ses wheres it 1s beina stored, and following that the 
meamemrhe user wishes to aive it in his directory of files. 
Mmepmgs mot 3 Onetway orotocol. The caoability also exists 
maesemd 32 file as well as to aet one. 

fie Meaversst use of FIP mest likely occurred during 


Bren author's initial staaqes of learning the ARPANET system. 
Pre tane documentation was maintained: at the Stanford 
Pesearcnh Pmstitwte (SRI). [huSs, whem. 1umtormat on was 
Mesired on a subject unfamiliar to the author, it was simple 
meme rte to SRI, get the desired documentation, and transfer 
Mmamwack to be studied when time ocermitted. 

MWY Vaotecetives of FIP were found by the author to 
Mave been met. Those objectives were 1) to promote sharing 


memryles (comouter oroarams and/or data), ce) to encourage 


indirect or imolicit (via eoroarams) use of remote computers, 
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Seegoemsnwel|déiauser from variations in file storage systems 
amona Hosts, and 4) toewuranster. datia.~relrabiv «and 
Pemueventivef15) FTP was found to. meet the. needs of. the 
network user, cr2eaardiess from which tyme facility he was 
wOorkKING. 


4. Resource Sharina Executive 


Pmeseasource Sharing fexecutive.CRSEXEC) i is.a jmultis 
eomouter executive orogqran. Lt .cerovidesanm environment +) in 
Hiner the range of nany features fouRd246n, 2 «single. Host 
time-sharina syster are extended heyond the boundaries of a 
Single Host to encomoass many Hosts on the ARPAWNET. Ase jot 
Meir niag of this thesis, RSEXEC includes facilities for 
inter-Host user-user interaction for managing “multi-Host”" 
MmumeEsrectarios and ‘for cantrolling multiple “jobs” on 
several Hosts. Im sdditionsz the RSEXEC serves asa. .command 
Damaiage interoreter for TIP users. (11) 

Bernacs the besteway to,.maxewathe .RSEXEC. erotoco!] 
Rome. easily understood to the non-ARPANET user hSie pO 
Mescribe sore of the commands. Comparina what BEheYyY Udo) iD 
Pest Ton to ,.what Los a Similan. acommands efor. .the .onormal 
executive level do should make the function of the RSEXEC 
clearer. In total there are thirty=nine different commands 
memmeaoale in the RSEXEC orotocol«.. They. are..al] effective 
Mivest?ime after tne user tvpes PRISE MEIC * at the normal 
Seegenys leyel and.untik.the “QUIT' is tyeed in the. RSEXEC 
level. 


As oreviously mrentioned, the LINK command normally 
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allows Se “wser ar a Host to telecommunicate real-time with 
amvyoon=line user at the same Host. Eom eRSe kee”. this 9 same 
memmand allows the sane function put jt ts not restricted to 
geuser at the same Host. Thus when the author 16° loaged °tA 
ee Hos t lace and wants too Mike totuser: POOCK at Host TSTE 
Smeeweommend 15° LINK (to) POOCK (Cat Host) ISIE followed by a 
magrrage “return ¢<cr>). The» telecommunications link is 
established hetneer Fosts. Tn the preceding examole the 
wser tyces the canditalized words followed by a strike of the 
"escaoe' xy. he conouter then tyres the lower case 
Bmommecs to the user. 

simran y, when’ leaged in att one’ © Hest® a user can 
muper tne conmanag WHO (Cat site) HOSTNAME <er>, and the system 
Beaks the othsr fost Ttisted as HOSTNAME for all active 
ions. fy s°user"does not Know at *whiech site the tfneividual 
memes itres to contact is loaqgqed intor the WHERE command is 
used. Poco veing  WhekRe = (is user) POOCK” <er>" the user-can 
Seeermyme tf POCCK has any active jobs at a site with RSEXEC 
Servers funnina. ror the normal executive level these same 
Bommands oerform similar functionss but only at the Host at 
wien f£ne user is loased in at that time. 

Be Network Status 

tae Network Status?¢or NETSTAT YS a preofrecal that” was 
Bemamlished to ‘allow the user to determine the status of 
merrvous  svster functions. Tor use the protoce] the 
individual tyoes lETSTAT which places him in a lower level 


of the system. Aftar this several commands are available to 
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Biemiser fo cetermine: such thinas asithe status of sites and 
Bommeet Tons, the status of ald sites, the status o f Hosts 
Onlves the status of all connections etcetera. The NETSTAT 


masa has vernosity feature where theo | wserst tcani=asik for 


e8) 


hrief or verhose readouts on the oarticular item for which 
forse imnauirina about the status. 
Commands are also availanle for more soecific 


the ability to get Host readouts 
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inauiries. 
Meee ener vecimal numbers of the Hosts or with (octal 
number readouts Mies tiSis Sy escommandinos SPECIFIG thes user 
memarso sble to ascertain status of oparticular connections 
SuGmeraAS, Connections relative to soecific jobsr, connections 
Mame soecific bvte sizess connections with soecific 
Peletyopewriters, etcetera. 

Tt was found that few members of the classes that 
Mage taken the 4EPANET course (Man=-machine Interaction) used 
Sree rSTAT orotocol. More frequently they used the SYSTAT 
Srotoco! which 1s descrihed next. 

6. Syvstem Status 

iicmovwctem otatus or SYSTAT proteco! is for use on 
an individual Host. to determine the status of a particular 
Bovaidual (done by tvoing SYSTAT USERNAME<cr>), eile elim 
Memermining the status of all current jobs on that Host 


then given 


” 


(done Dy tvoina SYSTAT<cr>). The user } 


TMfOrmation of date, time, number of user johs and number of 


meerator j;oos;, and the load average at that time. Tehialt is 


of each individual job, by job number, 
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teletynewriter number, uSer namer and program he is frunninge 
Poo the event nD fF tne former command entrv, that same 
information for the individual reauested is furnished. 
Although there are other protacols available on the 
euotem it 1S not feit that it would be of any benefit to the 
Begem tO understand tnen for purooses of this thesis. 
However, the next subsection will discuss some other 
meeneiras and cabanilities found on the ARPANET during the 


are not considered protocols as such 
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and are therefore listed under a aaneral feature section. 


There are many features whith are not considered as 
mmemoard as the protocols, but that are frequently found 
Bvatlanble at the executive level of many of the Hosts. Some 
of the items alrost saem necessities while others would have 
monroe considered frills or nicertomhaves. The following 
Sections will then discuss a few of the features the author 
either considered functional or interestinary and those which 
have been frequently utilized. 

ile On=Line Information 

mien Given 2a adrrectory at ome of the Hosts, the 


meres Girectory of files is usually named in a format which 


is similar to the followina, 
SUSERNAMES>FILENAME EXTENSION. VERSION. The USERNAME is the 
Pememused 1 Canjiunction with a particular directory. The 
BEeeNAWME and EXTENSION are assianed by the user when 


meaty ncGg tiles and can be any combination of letters and 
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mimme@rs wp to thirty=nine. characters for each. The VERSION 
wera Number and is assigned incrementally to that oarticular 
mae. each time it 1S written or rewritten beginning with I. 
ime system does not mirror the <USFERNAME> of the file as it 
meeuimes the directory desired is that of the username 
Merri zed at locin to the svstem. 

Bacmitost marntains . on=line, documentation of. the 
merous Orocrans and orotocels that are available at that 
Mmamerediar site. The dairectorys not unexpectedlys is called 
SOOCUMENTATION>. ience, townqgetiva, Fisting of what subjects 
girpe on-line an indivicual user. Gan .asik forma erint of 
Rise ChORY<DOCUMENTATTUN> and he is then able to review the 
Suepects of all the on=<-line infornation available at that 
most. ttne tnis- knowledge a user can FIP fites from that 
Seectory or simoly orintout the file on a hard copy device 
as require. 

Likewise, the SRPANET maintains on-line information 
Beeeotanford Reasearch Institute in a directory with the name 
<NETINFO>. Tt 18 accessible to users netwide. In the same 
murectory are files of all working/point oavers that have 
been written ahout and for the network since 7 hori) 1969 
Buerriy after its tnceotion. 


Bee ext EdLting 


Although most ARPANET users refer to the proaram as 
text editor, the ter7 comnon to tne business world is word 
orocessor. Theme lame. severalotext editors avant labilie. on the 


System. Gne needr only find the one comnatible to his 
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eacuroment and to his own Itkinag and then use it. The editor 
meee eamitielly was the XED (Cexperimental editor). Tt has 
Commands which enable the user to create, anpend, insert and 
adjust text 17 the eattore then save” tea nia file TA his 
directory. There are formatting and outout modes available 
ma athcow thines such as fight and left justificatton of 


the text margins, ODeE1LoOnS at double or single spacing, 
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=k 


oni hetterinag the individual pages, adding 


Ww 
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various hemes 
headers on each naae, etc. 


hie XE) “oaroagram also has a feature where the user 
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can comroose such as the contents of a message or 
meecter, then droop to 3a leawer fork (e.g. a lower ltevel of the 
network) 7m =the svstem while invoking a message sending- 
Memaoility as described in Netmail. It 1s eaually possible 
moermvake the XEN from the Netmail protocol. 

An even nore oowerful editor at some HostsS 1S one 
Bavied TECO, Pts. Tore camerse than the AED in that +t 
Bltows the strinaing taoosther of multiole commands, followed 
mye the execute character, and several onverations are then 
performed from one antryv. Awth the KED ont y one operation 
meepermissiole at a time. 

The hest editor the author had the opportunity to 
meee with was the NED (for new editor) which is running on 
Seen so Host jim a UNTX system. In facts this thesis was 
comoosed, adirted, formatted ane = outout” from an” Ann Arbor 
meeminoal Usina the NED and NROFF programs. The UNIX system 
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ertainally desianed fer Tana ymolemented on tne UNTX 
peerattna system on the DEC POP-11,° by Dennis Ritchie. The 
Hepeorearam, in addition to the reaular keyboard characters, 
meee arrow keys for roving a cursor. The cursor defines the 
aeminom tor all functions which are performed on the CRT 
screen. Vithne WEDS |thes text-scan: be. ocoened orsclosed. In 
Beher words, if the user desires to insert extra text or an 
apiaittistemal Oaragraoh wm existing material, the omen function 
fat add multinie blank lines between texte. The remaining 
text Poe iadjusted.accordingly. The new information is then 
tyoed into the blank area. If too many blank lines’ have 
been allotted, the close function eliminates those lines and 
G@justs renmainina text. Items such as paragraohs or whole 
chaoters can be, axtracted. from one position ins, the 
manuscrict and, otasernted at anotner. If desired, the 
Bmeratvon can even. transfer sections from: one file to 
another. 4indows cam be opened in the varrimary file and 
another file KRnuaht in from which information can be read, 
maeshifted. MESAoncimEGcamabwlitty meaxustas felrther by sscursor 


definition or By tyning tne string desired. Strike over 


Capahility exists for changing tvpina errors, olus 
characters can he inserted or deleted, and the text 
Sutomaticallyvy onens or closes tne antire string of 


emaracters to fustify the action performed. [ec] 
nee the author had heen exoosed to the text editing 
€aoability an ARPANET, no further term oapers were written 


Dymhanids, corrected and them tyoed. Nhere the author haa 
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oreviouslyv taken week to enmoose, ecit and tyoe a smooth 


Ww 


emmy Of a report, the text editor enacled a report of the 
mame tenath and content to be tyoed smooth in one and a half 
days. An assessrent, by the author, of the Capability. to 
outcut smootn oaverwark Dy means of a text editor, as 
opoosed to even an electric tyoewriter, indicates that one 
Bm@emretary or yeoran can oroduce as much tn a given period as 


three other equally cacanle secretaries or yeomen. 


ican ain evaluation Stamadcoint, one of the most 
beneficial features eS for the manacer who 18 a mediocre 


Meee to be able to outout smooth copy in less time than it 
WOuld take to have the sane information written oy hand and 
mmem tyoeq smooth. Tn one instances the author composed and 
outout a smooth visit request on the ARPANET in an hours 
meme. that request was given to 3 Secretary to be tyred in 
the aeamdeard manner. Because “of “workload and  tyotne 
requirements the request wss delaved over two months in 
meeving the office. Thus, the text editor enables much 
Marerwork to 62 scrocessed bv the manager in less time than 
Sepmal and without use of a secretary. 
ie soe) 

Soell orograms are availeble on most of the Hosts 
with which the ‘author has overated. ie 1S a proaqram 
Beaianed to read text files and check them for correctness 
mre spellina. inmeaddwvtronm to the soelling check, the orogram 
BrOVideSs a means far correcting words that Jat thinks: care 


missoelled. ine orogram was orioqinally written by Raloh E. 
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different, bu 
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invokes the so 
mae dictionary 


file for the 


ard 'niversitv and has been adjusted for 2 the 
Sent esSmomermatiime. ait. ths: -€ 1)-me-. 

Host's sone) ] oroaram ooerates slightly 
f sessentieally <a nave a dldarqe dictionary 
z In the norral moge of ooveration the user 

ell oroaram, is asked if he desires to augment 
anda them 1s allowed to ftnout -a particular 


srelling check. All words the soe!) program 


does not recognize are dunoed Inta a sercafrate fe for 


inspection. j 


1s located by 


Ehem inform tn 


hare are procedures where if a misspelled word 


the orogram it queries the user. The user can 


ae program that the word is im fact misspelled. 


Beram that ocoint or, anytime | the program finds the same 


missoelled WORD» It ws atitomatically corrected. Of course 


meme oroaram 4! 
typoaraphica! 


Bie ws 


SO rejects words that are no match due to 
errors. 


er has one other important Opt Won. He can 


invoke vyaryina Yeqreeas of aC CUMaIC Y'. This 31S Gone by the 
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ine off oretixes and suffixes and then tooking 
at word. Trt peduees the PfFunning time but also 
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are several aranhics oroaqrams on the ARPANET. 
iHosSmectit teal ly with a Oregrams such as WES Ca 
eal), and LADDER (described elsewhere tne sti ts 


one arachics oroaram on ARPANET tne author was 
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exmosed to was Level 2 Greohics, more cammonly called Gkle, 


which 1s Zr fie Sell earsutees GL2 is designed as a devices- 


independent araochics svstemnm foc “use in the command 
control environment. et has thie capability are) 
Parbigranphic and pitemao disolays. The design allows 


mes use an areatliv varyina terminals and permits use 


and 


do 


for 


on 


Systems which do not SsUuDoOre 260 lors Shading or multiole 


device Maou ts iith 3 hutltein PRQUW PY Gapaa? MM tw. 


the 


Peoercation oroaram is able to determine the characteristics 


Mme  aisolay device to which it 1s connected. That allows 


Dremrullest use of 3 Given terminal. 
The followina constructs are provided for 
miemGice araohics svstem: 


-“Estaolistinag and breakina a connection 
with the desired disolav device. 


Die atiumG al graonies eautout area of a 
sececitied “asoect 'ratro on the ‘dtsp hay 
GeVviieee vaowina surface. 


=Definina a viewoort (subarea within 
tie "aliiocaten area of the diselay 
surface) and user coordinate system to 
oe nmaoned ta that viewoort. 


-Creatina, meraing, destroyina, disolaying 


and erasina naned segments. 


“Generatina araohics entities such as Jines, 
GotS, text, ares, ama shaded oolyaons ‘and 
sectors. 

KomGiraol | jim aisolay GharecterisGgies of 
qracries elements Cecas, intensity, color, 
mort face and shading parameters). 

“Acceotina data from the terminal. 


| 
| -Petrievina device/system status information. 


Sending and receivina devicesoecific 
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Hewnost Hosts an amchival System 1S estabdlished 
wherein a user's on-line, cisk stored files are removed to 
mame storage if they have not been active for one months 
tine. The onurpose of the archive is twofold 1) it orovides 
each user with a targe, lono-term storage capability and 2) 
Pt orovides the svstem with a nechanism for freeing on-line 
storage. toa Tes Ani tial tmeectian the eroaram needs human 
moerators at the Host to enter and retrieve files as 
required. rowever,r, the ultimate goal 1s to eventually go to 
meme) yY automatic system. Presently, if the file has not 
heen used for the snecified time the operator will output 
mate, File onto tanes C20". The tapes each have address 
Peeauyvons, and those addresses are then. listed, with the 
memewsof the file archived, onto the users file called 
Memeve OLRECTORY. Liaitarscta.? tal Cithli cite nfel 1:6. al Sk oS Or edin LOM» « (diiGik 
Smee user’s normal on-line directory. In this method, the 
System Om-linme storace is areatly enhanced and the user is 


not La mijtie 35 Hic AmMOAUM tor io tad of ile ssitornage .aw-ad-|) able. 
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meeaeoanticular file-— is reauired from, the archives, Yat 
usually ()" Mexsyene on-line . within fifteen minutes of the 
meouest fo the overatar. 

In instances where the user desires to have ae file 
mmenrved without waitina for the month's dead time he can 
IAvoke commands to the onmerator. These indicate that the 


file 15 to he removed from disk at the next dumn. Th dumps 
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or renova} Se hres thom tase to tape, Tare “normal ly 
perforned orca Sach week. This serves to free more disk 
space for the user who is normally limited ce) a specified 


mumoer Of cCaces of active storaae. 


6. Linkxins 
The linkina feature is 3 real-time 
Pelecommunicaticns availahle on the network. Depending 


Beemer the user is at the normal executive level or the 
Meee eve! he can link to other users at his Host or at a 
m@istant Host. The command is LINK (to) NAME <er>, and the 
Bomputer will make the connections required to oermit 
memeaet. In one Host the command is TALK tnstead of LINK. 
Nith tne link feature, an individual experiencing any 
Mmetreulty with a particular feature can get assistance from 
miweerothner wser that is on-line. Anything that is tyoed on 
one termina! 1s echoeca on. the other. When initially 
Beermina to use the ARPANET, 9 student can be at home on his 
meme) and link to the instructor for assistance. The 
Pmasitmuctor tyoes the reauired commands to. bertorm the 
desired action ana the student is able to observe each steo 
ert 6h ACDeNS. AS af turned outs the students at NPS were 
assianed terminals that outsut won. hard copy, and that 


demonstrati ecauld be saved. In the event the student is 


oO 
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Hisime a CRT tvoe terminal, the student can invoke the 
ftypescrict tie file feature mentioned oreviously. Upon 
Diapanina hea then has a file of the transaction. 


As could be exoected, there were times a user did 
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not Besire to be disturbed or tnterruoted. For those times 
Mmiemas Gossible to refuse Tinks and/or advice from another 
ser. ie. that feature mad been “selected, the terminal 
sounded a series af six tones when someone attempted to link 
to joa t terminal, Dut no Initerruotion of the oregram in 
Begeess occurred. ar the sare time, a messaqe was 
automatically sent to *%the tadividual attemotring the Think. 
The ressage advised frat the link had been refused and m3il 


SniowiG owe sent to the individual instead. 
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Tre AGO Tcatlans for ARPANET to the military 
establishment are limited only hy the user's imagination. 
Diseussion with members of the WNaval Postqraduate School 
faculty wko ave used ARPANET for some time revealed, that 
for the vast najorityv, they learned something new each time 
they were on the system. Of the. aoproximately  e2=25 
mumdents oer class who had comoleted the Van=Y“achine 
Bemeraction class (am -tntreoductitom to the ARPANET), 100 
percent retained their terminals until they graduated. OF 
those, 90 nercent or better claimed they used the terminal 
@apive come of the students exposed to the ARPANET via the 
MeameMachine Interaction class were able to do continuing 
work For ARPS after © oraduat ion: and stated that that 
Beeepr lity was itnvaluvable to their daily work in their 
mormal billet. However, tescuimontars alone do “not show 
Seerver’s value to the militarv. ror that Vvoht, the mext 
meerron 31S to discuss the aoolications of the ARPANET in 
three VaVS. Frest (wild be a discussion of general 
mem yeations of the network orotocol]s as they could be 
acolied to Jay~to-day naval C3 administration and 
operations. Second, the socecific apolications as determined 
DY Investiaatina AS Lemoore tenant activity operations will 
be discussed. in- that. subsection, assessment “of . man-hours 
reouirea fOr Ce rhuann joos will be oresented, and specific 


Savinas that could be showm are illustrated. Here the point 
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meeas to he stressed that manshour savings goes not indicate 


fIrIANG anyone. As recruiting and retention croblems in the 
Navy persist, tat eS imperative that managers have better 
metmmoas tao oerform all job requirements that contribute to 


readiness. iscussian of those methods is meant to indicate 
Beeeapitity to obetter..ocerform..a job with fewer peoole. 
Third, a--suosectton deseribina special on=line aids which 
have already o2en Aevelonred is oresentead,. The last section 
hS- not a1 1 rnehusive but-diseusses special.aids that were 
Beem eye the author while at NPS and showed naval 


application. 


A. GENERAL A2°LICATTIONS 


fe OATA TRANSFER 

it all the erotocols had to be examined anda. value 
Given to each, it is thas author's optimion. that the 
mamaorlitv to transfer data would have to be singled out’ as 
maemonme most valuable 1m makina the ARPANET different from 
ether comouter systems. Lt ts that special feature, which 
demonstrates that saveral minicomouter systems by themselves 
fmm) can not satisfactorily achieve all that is needed to 
motaliliv ao to computerized database management, and more 
imoortantly continuity in command, contro! and 
communications. 

Eno tirst: area which came ta mind for the use o f 
aamatransfer was in Ehe management of individual's military 
records. The averaae enlisted man is transferred every four 


years ance 7e roIins tne fleet. Before that he {fs 
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Boemanerced from.recruit. training to an A School (soecialty 
Pratning), andarycam <—completion of veaSchoor to a Fleet 
Readiness Aviatian “Maintenance Proaram (FRAMP), Then he 
aoes COUN SSWaGdron Or ,Ooeratiagavumia ts With each move the 
maagiviaual either phystcally carries his records or has them 
mailed to the nest successive command. The records involved 
mRormatly consist of hi SA TServ kee hl enecard s medical record, 
dental] pecord, traimina. Records, and -pay.-record. The same 
records are aoolicable for officers, with the added point 
mat most officers transfer every two to two and onechal f 
years. ‘Nlo official data could be aathered on the number of 
Beeoras which are lost. Discussian with personnelmen, 
disoursina clerks, corosmen ana the trairnina.yeomen-— ail 
Vyretuallvy produced the same resoonse, “Too many!" Further 
G@iscussion indicated that an estimate of two or three single 
record hosses cer . unre per year was not Lnac ciuiratel. 
Stemoudn that statistically LS Jom. ssuuchitehky: arOVelnr « Osied 
percent fers ost lls tam too ~much wie, nt «ks .consjadened. ot hat 
meme of the data cannot be reconstructed in certain records. 
Thus, moe OAR PA ET. vl cana hlhity «were, ~ aval Lahde. at. al lL inawad 
Bageylities, or at least the major facility when more. than 
one facility was located in the same geoaqranphic proximity, 
mmmerecord transfers could be handied via FTP. The added 
feature of that canability would be a savinas of man-hours 
Bere the same data is stored on computers. n hoth 
locations. The - key 5 that the commander could; ascertain 


Ppaactiy what trainina the man has received, what will be 
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meeged cand how-tt will: affeet the unit's readiness if tt 1s 
not achieved, ahh “etothat scam betachteved:ewithott! | watting 
UmG@rboethe records are hand carriea by the individual. 
Another area of general apnlication envisioned for 
the data transfer feature is in distribution of the myriad 
Reema rtrarv instructions. The amount of time and money 
Beent > cach year by all ther Nawy sie ines vidual-units! an 
maintenance of instruction files 1s tantamount tioy: vaihd the 
other administrative requirements. Commander Nilliam 
Pacenall, head of the Navy's “paperwork control office, 
Stated there are almost 3600 Chief of Naval Operations (CNO) 
Wmstructions and a massive effort is underway to pare those 
down. Bee tain) ass et to voaperwork, Sik fleet units are 
Ppresentiv workina with ‘word orocessors’ to aid in reducing 
the D30°rNwoOrK oroolen. Commander Pashia ide st atied> thats a 
mereao orocessor in the -CNO's’ mailroom had saved $50,000 
meariys {15} insoectrian of any unit's wmstruction file will 
Bemweas the cascadina effect ene instruction at Secretary of 
moeeemavy (€SECNAV) or CNO level nas on the system. Almost to 
memunity each office in the descending chain of command 
Peferences tne hicher instruction, in one written at its 
mewel tO amolify what was said at the higher echelons By 
Baers tame the squadron=level unit 1S Im a position to act on 
maemeoee NAY or CHO instruction, there are normally no less 
Gaam ss tEnre>= or four other amolafyina instructions. As each 
ome +S added ann mailed it slows down tihe eorocesis) tof the 


lowest unit heina able to elstablish the proaqram required. 
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mare otf th= levels of distribution are counted for § each 
mise ruction, gne- eacukldad “most likely determine that one 
Mastruction at the hiahest administrative level generates 
M@eetise Of at’ least a truckload of paper. With the ARPANET, 
the instructions can be left on-line for access by the 
general user. That 1S currently done with documentation and 
Speciel system ocint oapers HOM the APRPANET users. The 
Poaividual then kas the alternative of scannina anv document 
Oon=line for his immediate needs, or transferring it to his 
account where neerzed on 3 routine hasis. 

OF course’ the Yntanatrole benefit fron having the 
memeovlity for data transfer has been the ‘immediate’ 
acquisition of data when needed. An individual does not 
mame £O fight for’ an AUTOVON teleohone line, to reach a 
Meraaiyy who 1S not tin his officer who 18 the only one that 
€an be asked to mail a covy of some document that was needed 


ast week. 


There was no way to determine how much time could be 
meved bv using the ARPANET Netmail protocols for mail as 
meeese)s to usina the U. S$. Postal System. Additionallys the 
author hed no method to determine how much is spent each 
vear, in the onstal system, carrvina and deliverina franked 
agovernnrent mail. Tnroughout the nine months of using the 
Bee ANET, the one item that was checked dailys without fal s 
was the user mail. one on temcerary duty assianmeants (TAD) 


away from the Naval Postaraduate School! the author was able 
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Bomwremainm anreast of what was taking place at the school via 
the 713i) system. UNeeGccassPon, assignments were even 
conpleten while AD aA mathe Wve a the system to the 
eastructor. Time for even lenathy -matl fio + be 6 ssenit was 
nominally under five seconds. 

Even in instances where an individual hass anot. Rad 
trouble obtainina an autavon teleohone connection, or the 
marred Carty has temoorarily teen out of the officer much 
meme 15 Soent callinar beina preemoted, and recalling. With 
Beeman! svstenr, it is simoly a matter of sittina down at a 
ferminal in the morninar tyoing the messages for the day and 
mag lins them. fhen-hustmessy ishassusualaquntil laterrin«c, the 
dav when the network 1s aaain checked for responses or new 
mail. Preeoaddedc) featunes tis thatralrecordints also. avatlabhe 
usina tne mail, whereas the telephone sometimes leaves doubt 
Memeo ewhat scecifically has heen said two or three. days 
previously. 

petieof the above items certainly» ehave»-.apolication 
me NAS Lemoore or any other naval facility. Each unit on-a 
naval installation routinally sends several memorandums oer 
WEEK. Emme. \ARPANET...mai) system could greatly shorten the 
time for delivery of those memorandums. Combine that with 
REC aOSDIity to-\'do text. editing, tn the mail.jshell and 
tyoing tine can also oe reduced. Many the time this author 
mame as. an Administrative Officer: watching the new yeoman 
Restart simole memorandums because of tyoing errors. 


Ane notewortny occurrence wnere the mail system 
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would nave deer of Ireat assistance was over a letter of 


carrier airwina commander's 
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memos truction (LOL) sen 
mearr to a sauadron. Tha letter had been expected and when 
meara not arrive a ohone cal) was made from the sauadron to 
the Sitatet.. Tne answer was obvious, the. -hket ter.. of 
Instruction was mailed and the staff asked the squadron to 
wait juse a Seaunben Ofe- mone, days. After that two days 
mmemener ca!t|l to the staff was made. The staff tceo aareed 
orate the LOL was hooelessly lost and agreed to mail a new 
Peewee tpat day. Five iiavs later the second copy arrived. 
Total delay foam «scant. vat kina ait che, frnsit GOP ys.unticl 
receict of the secnona cocy ov the sauadron was twelve days. 
Bameeetmey had access to the  ARPANET mail system the LOI 
Procably xouls not nave vneen lost to bnenain Wit tehlve In any 
event, a second transmittal would have taken no more than 
Bawer minutes total to delivery. The result in the itnstance 
eered was that the squadron without the LOI had to go to tts 
mmewerm squadron and xerox a cooy of a rather laraqae document 
mameorder) to have its channina completed on time. Time and 
memeyowere 5oth wasted. Additionally, less than effective 
time was allowed for the olanninag of a readiness measuring 
deoloyvrenr. 

Sicreat arpobleam wn the whole ~ m1 litary orqanization 
has ceen a -“seiinated —icommuni cations systen for mess3aae 
traffic. Tne= salutian A Ty = pei» EDS Sit has, been to imoose 
MINIMI7E, Re onocecune, sawhich res senticalid-y + SitopsS.~ -routine 


agimimestrative traffic fram heina sant. liar ARPANET were 
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imcoroorated into naval installations as would serve to 
auament the - already. over used naval telecommunications 
syeatem and roe che Sti lel offers anmeans for transmitting 
Wmelassified, routine administrative messaae traffic during 
times when TENE ZE eowould ine amooseda, Assecond benefit 


would he that the network nail would arrive much faster than 


time current Sota category amesisaige tira fifave ntras um thie 


Seer Record “Maintenance 


Maintainina records on comouter systems is not new 
to the Navy. ne enunec Phorm (of seach oAvi atiomelhraining iSupoert 
System (ATSS) on a naval air station 1s to maintain enlisted 
Pmaem es traininae recoras and training history. Slowly that 
Meas been excandeacd to include other data required. ifor 
documentina arvancernent, Mavinites mpl © ae aint files, e\t.cis 
Bmom that standpoint little more needs to be said. The 
requirenent is oresant, it has neen recoaqnized, and a system 
Ps TUNCtTIONING. 

what is Entenres.t ting is tne dup} 7weaGnon o f 
Maformation. Tna vavy only recently MAS t71 tf Uthed .eehe 
Personne! Suoport Detachment (8SD), which 1s fundamentally 
established as a centralized activity to maintain personnel 
and pav records for al! ocersonnel on a naval installation. 
mumemeot the data is similar to that being:kept. at the ATSS. 
Pee moint that should be stressed here is that the PSD unit 
mao tye ATSS have no method to transfer that common data 


eo0rmouter to comouter. Fyen more Gausaooouwmevinag 1s that the 
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mma 1 vii au | Pop Untts Go mot have the capability to exchange 


Inform3tion hetween themselves comouter to comouter either. 


Am ARPAMET system conld solve that oroblem. 
it. Preformatted Messaqaes/Reparts 
poe re eo ees aoes reports 


mmr th] naval organization an officer is not solely 
emer ator, Or a SNIO drivers. Dut he is also a manager. He 
must !2ad men and ranaae the administrative matters which 


3re oertinen to rhoase MAN, To secomolish that end ‘most 


et 


9) 


youna officer have heen olaced in 3 squadron collateral 


Ww 


mary billet fore’ (Six tO erght months. At the end of that 
period thev have been transferred to a different billet to 
Be exnosed to sormethina new. Honefully, ov the time each is 
muraro'e to assume command ke has been in most of the 
Seaueadron Fillets. Fae point 1S that eech time a recurring 
Bemort or message has been duer an officer has spent much 
time vith Sie ooroper publications to eroduce that reoort. 
mye cime soent has not heen of necessity to gather the 
Brooer data. lormally it has been soent in trying to format 
Bm@eereoort in just the snecific order that was established 
By those vho must read several of “thes Same reports. 
Likewise with annual reonrts, the senior yeoman spends) much 
meena tine in formatting a report he has not seen for some 
rime. ayth tne ARPANET “there exist mprograms which, when 
Selected, auery the user. When finished with the auery, the 
Breogdran takes the answers given, olaces them in the proper 
DOosition in a oreformatted message, and in a matter of only 


Brmutes oroduces a formatted message/reoort. SU ner 
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examnle is cited in tne deserinotion of FSA®8, in this section 


oO 


Under soecial soclications. 


Bi Training 


In oFacetine onerations the word is trainina. Al] 
evolutions iM ine. Tt Pearys are aimed, at training for, the 
Meemetaryty of war. To that end, the capability exists on 
Smee ARPANEF that enables building various ocroarams to train 


Baar vidtia?l at the keyboard. The author found nothing in 


wo 


axisfence quire so fancy as the socecialized computer based 


mistemuection develooead by coroorations such as Hazeltine, but 


‘b 


Pmnege exists the Gagatugdantey to Hund Spiroagrams ut hat. can 


aoempeve training oojectives. Within Unix, using) “ene -C 
programnina lanquaqe, Gata can be exhisited and’ then 
follawed ihe) with MmeSTIONS. That he comoarahle to a 


oro.aranned taxt axcomt wtnat ct) 1S. On | ime. For items such 
memtme simoler tests required for oromotion to E=-e and E-3 
Brese methods ar@ more than satisfactory. If one desires to 
@O into areater deoth, then other languages are available to 
Suyta such orograms. A typescriot of a session on the Unix 
Zon uwSina a simole orogqram written im € can be found nm 
Bre comnouter outout section. That proaram was written by an 
INdividual who orofessed to be anythina except a comouter 
programmer, this author. 
we vaen=Soecialist Assistance 

The Navy freauently has heen findina itself in a 

BOSsition with not anougah qualified personnel. The result -of 


mitts that mamy hillets requiring smecialists have aone 
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the ARPANET 


in daieaanosina 


present in 

demonstrate 
soecialists. 
described in 
Section. 
network are 
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- medical 


months. Ndidiait tana li} Ver there are areas 


OMNI! ns ee OLO MOI! 1) Yeu = (OIC aiSiS) ai Oimaniudlay needed and 
at tee S area RiOteatale) Wercire An examole is the 
doctor onnoard destroyers. Fyen ait the Naval 


at Lemoore, 35 at many installations, the shortage 
led. to tthe use.of Physician Assistants. On 
phiepe wexasts COograms to assist thes nonmspec ialivst 


Cer tain medical oroplems. These are at 


exnoerimental ohase. However, they do 


G@apnon Wa thes exist for assistina non- 


thier = ones ‘thie author) worked with (MYCIN): «hs 


aon =i i in the Gina ipo taco nm of tihiis 


that are developed and can be found on the 


ANA PARRY, Four in develooment are 


e 


IRiP—VM cand: the MiSL Project. 

strained structure GENeration 
accents Known structural features 
of an unknown molecule and oroduces 
all structural isomers consistent 
wie het hate dait-ar ite sits) cam el mieten al) 
VERS TOM Of a Ofogram for computer 
assisted structure elucidation. 

- is am interactive: simul ation of 

paranoid thought orocess. Users 

conduct. first: interview with 

PARRY, tov obtain a diagnos? s. 


a molecular aenetics proaram 


protein structure modelina 


for oulmonary function description 
management, includes mathematical 
modelina of ohvsiologicsal systems. 


information systems laboratory 


foregoing are all medical proaqrams at the 
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Stanford NWmiversi ty Madical Canter on tne ARPANET,. That 
Host GSE Kaa) T wv) is used orinarily for aimts fe ail 
HGS taaence nanacement 


ns Mord Processina 


ime conoebhj) tattes foro word  precessing have ~ already 
heen mentioned for the most oart under the discussions of 
Peete editing and nessaage traffic handling. The reason it 1S 
mentioned here senarately 18 hecause of the great need seen 
iaemaval units ror imoroved handling of correspondence. 
Standina orocedure in the U.S. Navys for correspondence, has 
ro oermit un to three pen and ink changes to any 
merrier! correscondence leaving a unit for higher authority. 
Yet in the seventesn years this author has served, he has 
yet to see a conmanding officer let corresoondence tnat was 
less than letter oerfect leave a unit. The result has been 
that naay.) —tany > hours’ “have” beens’ wasted: “retyoing’. that 
pacerwor«. The end result nas deen a decrease in efficiency 
meenym a unit and ooor use of manoower as a result. Hence, 
instead of using middle manager veonman” personnel to: a6 
manacina, they have oeen used to do the typing of Important 
paperwork, jnoortant in that it was) -aoima to hiqher 
muEnoritv. 

Tn Emer Nanwiv Times article oreviously Cah ine 
Commander Paschall, ae #as pointed out that one squadron, 
Meana a word orocessor, had reduced its administrative 
workload by fortv oercent, in “only €wo months. The Navy 


Manpower and Analysis Center, Atlanticr, has estimated that 
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Re Trainina Senedulina 


The final area  eorewegensaral a0odlIcation to be 
@escussed is the scnedulina of training. The oroblem really 
meeds no verification. Tne orimary ourpose of the Aviation 
Beanmana Suocort -System (ATSS) ‘comouters is to track and 
Bmepect training needs at the naval air station. The 
Problem is that it was estanlished for the enlisted poerson 
only. Brom acoreoximatslhy e@cenofficers>.tm each)  A=7*)> squadron 
Buememeec 3155 exists to track their training. At present 
that is all beina done manually. nv the service recognizes 
Breerecsd in one area and not the other is not clear. In the 
Maval training situations there are so many varying factors 
meermeschn SdgUadron has an officer whose collateral duty ts 
meargyna and another whose billet is sehedulina. Planninge 


scheduling, tracking. eropectinas .and lasurtag Sthat all 


EPeininc is ocerformed is virtually thes sSsinmaular “aqoal fOr 
Beech unit. It is the orover completion of that objective 
Bemenm wnsures the readiness of the United States. The 
orenaration of the navy's fightte ns. i rsanustihhecbetnag 


ececomolished manually. 


D 
e 


meeere ie APPLICATIONS AT NAS LEMOORE, CALIFORNIA 

Some nackaround information is anorooriate here. Naval 
Mme otation Lemoore was chosen for investigation of ARPANET 
Bmpplication for two reasons. iigcheen tne author had been 
memmnonrea at tLenoore, California since 1970, for various 


Periods of time, and was therefore faniliar with most of the 
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Bese tenant activities funits). Second, the close proximity 
Mea Lemoore toe the Naval Postgraduate School (NPS) 
facilitated the numerous trios required to prooverly research 
Phe most current ooserating methods at the time of the thesis 
mriting. oon the  Tast “time ~tne -~author “was “actively 
mmareroned at Leroore (October-1977) until the beginning of 
the thesis research (August 1979) some chanaes had occurred. 
imereim the base Rad oreviously had no real-time comouter 
inmout/outout exceot for tne ATSS (formerly VTS) there were 
Seer ts with recent acauisition (mid 1979) of that typoe 
eaquinment. The remainina activities investiaated had either 
Genersted administrative orocedures to attempt to acquire 
corouter hardware or indicated they had recognized the need 
for such equioment. AOBeAGdI Ix D “l1Sts im Seetat i ener  GATes 
meet eds, and individual points of contact. 

mers interestina, though not surprising, to~ note that 
only in one area has 30nlication on a navywide basis been 
considered for realetine connectivitv. That one area is the 
Personnel Support Detachment (PSD). The remaining 
activities have individually recognized an inhouse need for 
eee tyme comouter anopolication for their ooerations. To 
that end, tne aovclications considered were predominantly to 
Memes ty orohlems only on ae lacal level, “Most” o'f those 
meorrcations could have conceivably been satisfied by a 
meena atone ninicomcuter system such as a Wana 2000, TRS II 


etcetera. One thea demonstration —of the ARPANET was 
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mpformation interchanseability that was rossidle hasewide 
ena 9navywide with ARPANET. Tn every instance there was 
Gata7information required on one unit's system oneration 
Metemewas mecessary in at - least. one other base unit's 
eperations. In most instances the same data/information had 
Bemis Saarea anong several units. That interchange of data, 
momouter to concuter, could not be oerformed with multiple 
Mdividual ninicomcuters. Hence, with sufficient numbers of 
Smarr MInNICOmoUuters, the total comouting power might become 
equal fom an ARPANET evoe epTnastallationeubut’ “would never 
memaguee the needed connectivity. Figure 3 of Aopendix 8 
Shows the interconnectivity reautirements at NAS Lemoore for 
Patormation exchanae among units. 

ime. fol lowing subsections then discuss each tenant 
activity limaividuall y.< “hat operatina oroblems were found; 
rate cornectina to ARPSNET could do to solve those problems; 
what man=hours could be saved? and what Increase in 


exoediency and =fficiency could he expected are discussed 


The security department at the naval air station is 
tasked with a) vehicle (automobile, motorcycle, and 
hicycle) reaistration,s, wearons reajistrations, and pet 
Mmemastration on the-«station. At the time of this research, 
there were acoroximately 19,900 versonnel on the station and 
7932 «vehicles reaistered. The weamons and vets were those 


Dellomayimna to the individuals livina in hase housina. The 
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Seeurrty G2partment also had the responsibilittes typical to 
mmeecrnee Torce, in so far as anplications go to on «base 
residents. Une of the orinary areas where an ARPANET 
Connection would assist tne security department WSs elites the 
administration and fy We keepina 0 f the myriad of 
Peaistrations they maintain. 

ice feaistration orocedure is for an individual to 
ao PomacGiniimnry and fill out a farm for each vehicle, weapon 
ana cet he owns when checkina into the air Stat) om. For 
those hawuna..off hase, tine vVemicle .rpegustration. settli 
apolies. tne, terms contaia imformationm such as. address, 
telennnne numhner, insurance carrier, license olate number, 
Mecal number ana unit to which the individual is assiqned. 

Onee the information Se Yoolice iovena) afte iS manually 
meamamosed to 4 Circular cardex file for purooses of ‘rapid’ 
access. Additionally. thes e.inrormation as sent to the 
automated data orocessina facility, where once each month a 
Bomputer run is made to reassimilate old data with news and 
mem obtain a comouter readout sorted by name (alohabetical 
meeting), decal number, and license olate number. There is 
no real-time readout available nor is there realetime input 
mothe files. All searches for information are performed 
meamiarly by one of the security oeople on duty at the times 

Niscussion of the Situation with the security 
meercer and his assistant indicated that the systen most 
Mukely was accessed an average of sixteen times per day (a 


meme hour  oerjiod). Am assessment by the individuals who 
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Worked daily with the system, was that each access”) of the 
files peguired ten tO twenty man=-minutes. That came to 
four TMan=—hours per day on file access alone. The fiaqure was 
errived at by takine the conservative fifteen minute access 
Pime ana considerina the sixteen accesses per day. The 
mamemt Of the author ts to-remain conservative throughout 
Phys thesis wnen estimatina manshour figures. Civen that 
mrmen ss=ctiritv derartment is lactive 365 diays per year, the 
amount of time snent accessina files in one year would be 
146VU man-hours. Repeated exercises with lenathy files, such 
Moetne on-!ime ARPANET directory of users, demonstrated a 
meron fOr any Given name or series of digits to take less 
than ane man=minute of tine. The subjective estimate then 
Would he a Savinas of somethina over 1360 man-hours per year 
BY using an ARKPENCT tyne svstem. 

This estimated savings of just under 57 manedays per 
year oon Mees wACGESSe AS « Gin tamales, bemefatn<e Using: itihie 
Standard Deoartment of Defense monetary values assigned from 
Baemecamotrolier's manual (For ourposes of this thesis they 
were taken from » Naval Aven we Statwon edxemoore Pns.t rweti won 
7T00001C Enclosure C2) ana Raomiot ed moasy Apoenarxese=.), thie 
malar Savinas seen would be $80860.c2. “ore importantly is 
the capability to have up-stordate, onsline information from 
Phe time an individual reaisters a vehicle or other item and 
meme Out of the security office the first time. Wirth the 
eurrent jorocedure, thee fi est wads vidual to register 


followina the monthly orintout, does not appear in the 
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eystem for another thirty days. With an ARPANET type system 


fhe need to senda reaistration files to data orocessing each 


month would no lonnaer ne necessary. The officer-in-charge 
of the javal Data Automation Facility (NAVDAF) at Lemoore 
Pesearcned oast nontks ynouwts “hye Secuest tye The average 


number of inputse’ per month was 1547..4Given that. the key= 
MMcnOOetaAtors at that facility can do 110 cards oer hour, 
Phe inout time comes ton slightly over 14 man-hours per month 
Beresecurity's files. That savings, in the case of real- 
time entry at the security officer, computes to approximately 
meow per year. With real-time entry, the time required 
meee Ce NO areater than 18 now soent on filling out cards 
Byeethe reasistrant and ~ them © ‘thes transposition "%ofi- “that 
munormation fo the cardex file. 

Raidiftfiaqnal benefits would be in the area of better 
Force management. Accurate data aathering for time soent at 
Various tasks, numhers of searches made, numbers of total 
files, Sec. COUla be Drinted out by comouter. Those items 
are not currentiv known hecause to obtain them would require 
manual eounts, an extrerely time “‘consum tind job. Unless 
murmorized more mraney to write those proarams the 
mMformation cannot even be obtained from NAVDAF. An ARPANET 
miogranm could he set uo to continuously ‘tally “such items. 
mise addition of such a system would become a tool for 
better manaaement nf Tannower, task assiannents, 
reaqistratian control and criminal QC HiVniEtyE won the air 


Station. Such a svstem would also free the midale seniority 
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military oersconnel from the desk and allow them to be tn the 
meer actually handlina security details. Nceordrna to the 
Becurityv Officer, that office has been asked to investigate 
meaner tr1oning to an all civilian force. in the “case “of 
reqistratioan, if an AFPANET tvoe system were available, a 
Civil service secretary CGa—'S5)i7 as USO to 7 Key DUAeh. at 
MAVOAF, Goul G manane the task now oerformed hy two and 
Sometimes three middle arade vetty officers. 
ee Aircraft Interrediate Maintenance Neoartment 

Miscussion with the AIMD ceople at Lemoore revealed 
meet they had already recoanized the need for going to a 
eomeputerizeac system of sone kina. Preface “they tad’ tal ready 
Started the administrative procedures to acquire a Wang 2000 
Zanes minicomputer system to handle their Production 
control] Svstem. Althoquoch the minicompouter would be a great 
meeetreror their problem solutions, jt would not solve the 
proulem comoletely. Mast oO f the data they manage is 
menerated at scuaaron level, oassed to either themselves or 
sunoly and eventually orocessed via the ADP facility 
(NAVOAF) on Sraticon. rence, the mutual information is 
either transferred over teleohone, via the auty driver 
memtroned orevicusly or bv quard mail. That process 
Sometimes takes as Ilona as three days to be comoleted. In 
meetrnterinm am aircraft oart sits idle and an aircraft is 
Preauently in a non-ooerational status as a result. 

hthout eryune = fo. “become too ~nvolved ” in the 


SeecyrTic stecs in the orocess it 18 necessary to explain the 
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Sweraih functianina of the various units which work with 
AT MiG. Moma opie writes S GtSserecancy on am aurcratt, the 
SQuadron naintenance man troudleshoots the <diserepancy |. to 
determine Lis cause. In the case where the problem is due 
wae Os0 Cart, a renlacement oart is ordered from suoply. 
fPoeeenne Cad oart is im oo sacavegory of parts that can be 
Roamwamed Oy the AIMG it 3s then sent to them. At AIMD a 
maintenance action form (“MAF ) iS written on the part. A 
Bertion of that ticket remains with the oart and another 
Raeewenm 1S Olaced in.a large Visual Information Display 
mmemame(VINS) board to maintain location and status of the 
part. At any GQivem time there are usually !200 parts (give 
@emtake 34 °100) being orocessed through AIMD. The carts are 
entered into one of Several) status; EX=REP, for expeditious 
Semmes Its for in works BCM, for bevond the capability of 
maymrenance (usually meaning it must be sent to a higher 
Meme reoair faciylitv); and PFI, for ready for installation 
emeanins it has. been. fixed). Vithnin I” status there are 
Substatus, RL, for) «back loaged; Awl, for awaiting 
maintenance (not encugh oersonnel EOL work, on tt- at the 
eumeys, and AYP, for awaiting oarts.e For -@ach ‘change of 
status the individual work centers (41 tote lion cand 
mme@euection control. Production contro) then has several 
Eeoaividuals who walk fren VLoSsoeard to VIDS board moving 
meme MAE to a oncket denoting its new status. 

Stor welens sot each dey en individual is asstaned to 


manually aie) throuch each VICES board, log on a master sheet 
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meerrortest status of each oart, and total those in order to 
mesure continuity end currency of the status. That one 
MICIVIAVAal, and soretimes ano'thers, scoends the majority of a 
single WOrK shift an that job -alone. The overall 
goaminystrative and sueervisory staff to manage that 
qperation 1s) acoroximoetely 17S. Five to Seven individuals 
mesa itt are used to change oarts status on the obdoards. 
What Monee inadt vidual coulda maintain on a CRI terminal, 
noe rPeauy ring Six to earqght nenaole to cerform manually. 
meeeretma to the ‘chief petty officer in charge of the 
—raeyom, Some 239° to 390 oarts are ‘lost’. That.” “3st not 
meet in the sense that the oarts are misplaced, tut lost in 
that 3 wag is-onhten overlooked or missed im the board tally. 
Poems sare 6mamllwayvs”:6hC6found,©6©6bhuUt)6h6that entails retracking 
throuah eacn VTOS board. 

rhe AIM) Gfficer and his staff have completed a 
Study af the savings available from using a comouterized 
syster. The estimated savinas in man-hours ia ~ tine first 
meee 1S 14,400. Further discusston indicated that this had 
been under estinrated ov about 5,500. Wetina= =the table “rn 
Beeendi’x E— and considering the averaqe oay arade at ES the 
monetary Savings would then be somewhere between £85,536 and 
Si16,e%6. Sieh “a system "would also inerease eroduction by 
Buttina maintenance sersonnel back in the productive work 
centers. The itnecreased flow of RFI oarts then would serve 
PO INncresas> noerational readiness tn the sauadrons. 


The an0ve astra was basea on the then current 
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Situation whicn enconnassed orocessina of only A-7 aircraft 
Baie &S « itien Ene advent of the F/A=I18 at NAS Lemoore in one 
Reape foe Croslem will comoound itself. Tosattenmot to think 
mam rocessina acoproximately 2590 oarts in the Same manual 
Peasimsonm 1S cCevond concept. 


aS had been previously mentioned, all of the 
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foreagoina coul with a minicomputer 1f only the 
Inhouse oredlenms were of concern. That was not the case. 
Mmememecad to correlate data and tnformation with the NAVDAF, 
muomty and the squadrons necessitates tying the units 
Poaether by comouter. Tt would make little sense to have a 
real\etime, on-line comouter system capadle of responding In 
microseconds and then he waitina three days for necessary 
marormation to come from the otner end of the naval air 
meneron to be inout to that system. 
a. tegical 

Discussion with the Cammanding Officer of the Naval 
Mme station Hospital Lemoore (NASHL) indicated that he had 
rPecoanized a need for conduterizina many of the processes 
required in tne hosoital. He mentioned record keeping and 
Brocessing of central sunoly items. He directed the author 
memeewis senior fliaht surgeon who had very specific ideas on 
the capabilities of a connuterized system. Doctor Pantera 
meeeeenot only a aualified doctor and naval fliaqht suraeon, 
but was also experienced aS a comouter proarammer. A 
Meeeussion with him revealed that his unit (Ca disnmensary at 


mime operations end of tne air station etaqht miles from the 
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hoseytal ) nad seen the need for comouterizing the system. 
One of his concerns NaS the problem of misplaced/lost 
records ome Saertvedtamiv the Wack af ability fo reconstruct 
Brase recorgs. “e considered 5 solution to be one with a 
dumo terminal in each doctor/svecialist's office connected 
ito cme Malin System where the records could be maintained 
in a dataoase. 

WIth both the medical and dental facwvitTE nes: —at 
Lemoore, there were annexes at the ooerations end of the air 
meetroms, and the main facilities at the administrative end 
mre the base. Any individual with a complicated case was 
resuired to have his record forwarded to the aaministrative 
part of the hase, and then have it returned when his problem 
maeeoeen solved. That particular situation is not common to 
“ai Sear rons out was particularly avoplicable to Lemoore. 
Neyther man-hours nor a monetary value could be olaced on 
the lost record. The Fntangrotvittv of the benefit did not 
Megate the need for a solution. tne EYP capability. “of _-an 
Meeenet connection would certainly qualify for a solution. 
me cost to transfer those records manually is estimated to 
meme «6Oman=hours and $600 jn fuel yearly. Computing man- 
meur cost from Anooendix E preduces a figure of $2044 yearly, 
Or a total estimated savinas expected of anproximately $2650 
@evea an ARPANET system. 

Bmnartorer carea Doctor Pantera spoke of was the 
Braining of the enlisted oersonnel, and the continuing 


EawiGat?oOm of the nurses and the doctors on the Sitark fie The 
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mrawmpynad cacariljty af the ARPANET system has already heen 
mernted out. Hith croanans such as. MYCIN, PARRY etc... .being 
develones, tne limit fo what.cam be dome .1s bound only by 
the individual mlanner. Aooendix F lists some of the 
Panquaces available for sorogramming training on the ARPANET. 
ieeponcder would a arouo be required before. an Instructor 
@oula consider huIStieicat vom. taf .a tratiotng-hectures., With 
individual nanemachine interface, the nmerson with a -.few 
memthes © OF an hour -would. have .the ahility to sit at a 
Beeminal-and gain trainina. 

Thesthird and finak ttenm mentioned was particularly 
meererriate to the ARPANET. In -addition~to the.distance 
Between facilities om the station, there exists a delay in 
transfer of Infornation between the WASHL and Uak Knol]? 
meaneal Resional Center in Oakland, California. The most 
mepnneult cases are referred to doctors at the MRC. It was 
frFequently in excess of a week for information to return to 
Lemoore concernina referrals. Tne delay normally tended to 
Beratate doctors and voatients alike. when military 
wNAividcuals are complaining ahout erosion of benefits, such 
instances onlv fuel an already hot fire. More importantly 
iS the adequate and timely treatment af people in need of 
Begrcal attention. With connections. or a packet Switching 
comouter network, tne  aoeroeriates datas.could return, to 
memoore ahead of the patient. ines hoseytal,andi staff. could 
then have reviewed tne case and be better orenvared to serve 


GAPE aaividual oatient. 
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ee Naval anata Nuit oma Sacw lit y 
AVOAF had all of the automatic data nrocessing 
(ANP) fseansionripiey? om “tre station. when the author had 
Tast been stationed at MAS Lemoore all entry was via card 
mumem and card reader tmto bateh orocess ing. Sauadrons 
would deliver the data from the manwhour accounting and the 
fliaqht data Paanmestine, “arremart On o cally basis. The ADP 


mould fhnen oOrint the summary data Nn limited form on a 


weekly hasis. Nite therena oi the month “all of tme deta was 
Sermmte) Our IN a master menthly dumo. That information was 


usea hy fhe Squadrons to fri out the monthly filiaht time 


Summary recort which nad to be sent to the Commander, Naval 


19) 


mer. forces, Yl eae oe Normally the squadrons were able to 
meme tne data one or two days before the report was 
Peauirec out of the squadron. The delays were due to the 
mernmod of Orocessing. Discussion with the officer=inecharge 
maagreates this will nat Enhance aperecrably with the real= 


time system recause of batch orocessinary, and manual delivery 


Mietine report 
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archina this thesis tt was learned that the 
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NAYVOAF had recently acauired terminals for on-line entry of 
data. The mnackines incorcorated certain text editing 
mean rliry to facilitate correcting typograrhical errors and 
Oxoeditina the process. “hat had not changed was” that the 
memearons were still deliverina the data in bulk on a daily 


mers and the only feectoack was via the weekly oar monthly 


meyntouts. With ATSS terminals presently existing tn each 
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Squadron, an ARPANET cannection would allow real-time entry 
at the squadron level, Information could even he input 
mearrowina each fliaht. SNecess such as that would enable the 
sauadran ro have its monthly fliaht time summary in only a 
or of minutes following the last fliaqht of the month. 
BlSso there sould be no need for an individual to make one or 
meeeruns per day by vehicle to carry the information eight 
meres ONS way to the NAVOAF, 

Tf only one run was considered, the man-hours snent 
meeeeest yt! | ons hour per cay or five hours oer week. With an 
average of eleven units that equated to 2869 man-hours or 
mieolt o2r year. That fiqure did not consider wear and 
meena fue! for a total of eleven vehicles... Considering 
iene) miles oer year for all the vehicles just on that run, 
mmmeme ayveradae of no aqreater than 15 miles per aallon of 
gasoline, Tie ecuiates too SOSGteagallonstoet fuels, something 
Brose to $4,909 at the current orice of aasoline. 

Tnaviries ahout there transfer. ofrre cat ao” Fremt tthe 
Lemoore “IAVOAF to the renional center at Alameda, California 
Pevealed that tne information must be dumned onto maanetic 
tane feamome ail sikic rhe tfanes are then mailed to Alameda where 
mrey are loaded back onto disk for the regional processing. 


The time and effort to ocrocess the maanetic tanres is not 


many ticant. par Tsar rfactor rs "the delay ‘o-f the actual 
Erans fer 0 f the ‘ain del alii han iol alr In wnat 1S now hecoming a 


meee  Dhrase, fhe: saroe ben = would mot exist wiftn FTP 


Bameaoitity on an ARPANET system. 
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Si rant At hac TET Na, Facrt tc 


Pa ene trainina of navy oilots at’ NAS Lemoore, most 
Pane OoomMbI na oractice fljtaqghts occur at NAS Fallon, Nevada. 
Extensive ranaes with scoringa equipment are located there. 
In mewn to better ascertain the aquatifications and 
Praining readiness of tne dilots, a system was established 
Bearoximately five years ado that gave each pilot a personal 
Meemterfier to he used on the homoing ranges. Coginas were 
mesa created thar identified the tyoe of bombing drop the 
mote Wwas Nakina and sermitted an accumulation of aata for 
each jndividual bv tvoe weanon, delivery etc. 


Tn2® pr3ande pecord tne data for each delivery made. 


Ww 


At tne any Vi wee day that aaatrormattTon. 1S returmed to the 
maeram atf station from the ranges. ile 1s jnout tq “the 
Systen. Bt reaular intervals the information is printed, 


marled to !enonre ama wGistriaueced to the sauadrons for 


2) 
es 
as 


verification he tmntformation. Nnce verified it is then 


manually crocessed ay an Inaividual on the Light Attack 


” 
v 


NInNge Pact? 1c beat wine) Staff who 18 charged with keeoing 
those records. Tris TS a Orocess now taking artproximatel y 
two to tnree weeks 

Tre “staff “has started administrative orocedures to 
acquire a tang 2000 nimavocomouter = ta "help with” che 
eccumulatiaon and orocessina of tina t data, but the delay 
factor will Stiri) he present in obtainina the information 
Prom NAS Fallon. Here TIP access would enable the ranges to 


Make real-tim]= inouts fron the ranae into a comouter file on 
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B Host conputer at the naval station or anvwhere else. Then 
when Pilea ts jJeoparted the range the data could be FTIP'd or 
mavred Via the network, and be available for the pilot's 
pomrmerind and verificatron. The squadron pilots could then 
mamearmd the verified information to the Latwing staff for 
mame A3v inout. En tethat lanmanner «<the..Ligkt Attack Winag 
Commander NQUIad have, mear. realw-time assessment of his 
murat 's readiness. PaysneeSameshraht, <1nauvidgual squadron 
Sommandina officers could more quickly determine any trends 
@pe weak. areas Le ERI Sundy Oh Santrataiag  and.ediust that 
PRraining earlier. 

bnee 2! datakeeoi na nentioned 1S for competitive 
mmeoses -amona the oilots and saquadrons. Each nilot must 
meee certain ninimum, aualifications itn several areas) of 
WeEAD0NS, DaAwiaat LO. .and ~atrernatt handiinasceriterta., For 
Boose individuals who exceed a specific hiaher criteria aneE 
mtor excellence) 1S awarded. the individual pilot E"s are 
Barnied throughout the grading period and at the termination 
moet nat meriod the best overall! squadron is awarded for its 
Performance. line seecoinag of that- data has been om a totally 
manual hasis. “any man-hours have been snent each year 
apolvins the individual scores to various assiqned weighting 
meetors to determine winners. Data on over 200 pitots is 
keot each vear. Tha need has heen recoanized and wil) be 
solves through computer anolication. However, without an 
MRPANET tyne system, the connectivity to the data source at 


meiton will remain hy means of the mail. 
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Svetrar thee mastelnkely to benefit from “tastallatton 
mmamee2RPANET connection on station would be the individual 
mmeratina Sauacrens and the Fleet Readiness Squadrons (FRS). 
Beerpeas the other units onboard would gain substantially 
hecause of sore snecific aorlication of the ARPANET system, 
ere sauadrons would virtually reap all benefits. 

Rs aircraft and their associated enuipoment become 
more Shale more exnensive tt becomes more and more paramount 
that the Indiviauals WORPKINGQ on those aircraft have 
excentional knowledae af recoair orocedures. In the work for 
mummoauwctian of the F/4-18 to the fleet, investiaation of an 


Army are ra st froaubleshootina aid Logic Model (LOGMOD) has 


beem taxing clace. Tho =; jcommunity has at times mn the 
past Mavested jn various  eauioment to nelo foretell the 
Baecstorlity of encine failure. As funding has tfecome more 
Austere and a oaucity of hoth parts and aircraft have begun 
to become a wav cf life, it has hecome most important that 
maintenace technicians Fave all the assistance available to 
maGate Oroblem areas. 

ieee “Croub leshiootina” aid “were “CavarPable' to. the 
sagquadrons, We would not only help pinpoint aircraft 
m@usecrepancies, and reduce the fault isolation timess but qe 
Boeuigd he used as a training device. With the rule-oriented 
mmouanes available on the APPANET (Pita exolained in the 


next wortivon), such a system could pe readily instituted. 


Hazeltine Coroorstion, in proposina a computer-based 
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jnstruction tar the F/Phe18 Hornet, developed a 


° 
> 


Paowibleasnootina troainina aid. uch a proaram allowea 
certain Naktiumetvens tO (be simubkated and permitted. a 
maintenance technician to work his way tnhrouch the system 
mmem by, steno. li the. technician, made a.mistake iim his 
diagnosis, if fact mo lives or exoensive aircraft damage. 
By monitoring such oroaress the middle managers would better 
Seman le tea control work schedulina and asstanment. Such oa 
mewvee could also he used on a reaqular basis for refresher 
BrPaiming with an A NET system. 

Pron. the standpoint eof ADMD? s “app licat ven the 


squadron could henefit. then a squadron sent a bad part to 


Bioply, tney could initiate the on=line documents that have 
meem ocreviously generated at AIMD production control. With 
Gmemoass reference hy squadron, and access by squadron to 
Only their oartsr thev would have real-time readout of what 
each part status was. The numerous teleehone calls to AIMD 
Bye the maintenance chief for parts update would be a thing 
Mere Dast. 8y having some overall readout capability for 
all Darts orocessing, such as the system status protocol 
M@ces for the APFANFT user, the maintenance manascers could 
better estimate where to olace work priorities to achieve 
better readiness. 

Trainina and use of the APS'S.. cart NAS Lemoore has 
alreadv heen cdiscussen. Am examole of the latter 1s tn the 
meagmino records of an enlisted maintenance technician. 


Whyte at A School his trainina was recorded on the computer 


69 


. 
: > 


; _  , 
mao tayel sfeanen Whe) rs 
: al 


aide *B1fF049. € Fave F obte 7 


5 = - 
my 9 Pinnsn omar | "ers loOnee e* es Zo) 


a 
iva sr fov0"h!. yes G9A “sow of nats '* a 
_ 


( eats tetm « e505" OG? OtNNSS? e246 +t  ——r 
ra 
. terse sv¥tensax®. 4f) e800) Boweeoges 


hPa yecenam eftnim wae) eeetnnsy dane 


rennolsete One ori lwhetan#4ay Teqene 


2" as 30) 2#lesea eludes & 99) Hern le4 6e1ém ot 
retawn, 1aeaaR re 

fasil »* TIMPA t< inioobest2 alt 
» Trek “OTOKUPE& Pen) «Pht seed | Bie 


ie « » 4 oa ss o-rt | ene en¢ ajal S79) cfueD s 
, 


hat fi rowhore O414 ge: prienemes wl eben 
a. “7 her +958 Peuvhe,. eg? egress 


i c Sivow. @gst' »@4sg6 


195¢167 PifAa ein aAT tee euias 7 


‘e466 Gg iA ser AS e*9e78 204 
A“. e*ave ee68 orien ye o oR 
: Fsie ef") £25650 48 


vanageles rs .%eey PORANTS oe 


9" eA~ e‘avrt? 
~teead 


a 


sineds« us '™~—66@ serie 


Tr i 1«@ 44 ‘xn 2» 


‘ ‘4 , oriedes (ete inc 
7 


AS each chase was coToleted. Wen transter €o a unit at NAS 
Lenoore, Chat invormattan Was output from “the A Sehool 
Pomeuter te hard cory and sent with the man to NAS Lemoore. 
om arrival at the FRAMP at Lemoore, that Same information 
mas tmeut to NAS Lemoore's Aviation Training Supoort System 
computer. Eeiawes held there until his transfers and each 
additional trainina evolution meanwhile was added. when the 


individual Was transterred to a umit not home ported at NAS 


ct 


memoore then once more the outnut to hard copy and input to 
memmeuter at deoarttire and arrival was again required. The 
Mecora w2s of course aqettina more voluminous with each 
eycle. Umee again the individual was transferred and 
returnea to “4S Lemoore. Needless to say the same evolution 
waS reneatead. Naat over. the serTod of transfers, taok 
approximately five ah OURS to reinout at each base could 
Mave heen accomclished with the FIP feature in no more than 
two minutes. 

with the on=l fre terminals in each squadron, the 
SGuadrons Fave remained better informed avout the enlisted 
Pearniac. They have a)so had more jnowt on each 
mevyoual’s scecific training. As a result the saquadrons 
have been abdle te deploy overseas with much better overall 
training than was ever enjoyea before the ATSS/VTS systems 
were installea,. nithout the on=line connectivity and real- 
time access that would not have been the case. 

So Hiseussed Vn Che section for the data  pracessing 


facility, the squadrons would areatly benefit from the 
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concerned. 
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squadron dat: 


qauicklv voredi 


PROGin 


SVVyert oO NUVI. soy having the canability for 
ft Summary regaouts, the sauadron could more 
Oo trends in maintenance orohlem areas. [he 
rs from driving report material to the NAVDAF 


er allocated in ‘trend analysis, training oor 


a ‘system would areatly enhance Srnroratt 
schedulina and maintenance training scheaulina. 
future needs the comouter could he orogrammed 
r various deviations in the requirements and 
res comoletion dates and parts removal dates. 
Gq the oart with a set fliaeaht=<hour lifetime sitto 
mance chief without being removed. The safety 


Hen uaa mneiwele iol sof thie Utmosih ibenetit to alt 


aa-line access to aireratt status by the winas 
ft maintenance chief would not have to estimate 
gieeccart that would be flyable for the Latwing 
ness REDORT « The morning shift would be able 
1 or FTP that information moments before it was 
stead of having the duty caGreaver “carry the 
here as 18 oresentlyv done. In addition to more 
, the staff woulda have a more realistic idea of 


fFeaciness of the wina was. Ry aathering all 


comotterr, community trends could be more 
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declared values fron files in order to make the monthly 
FeECUFPFING recort crenoaratton ome of simoly oushina one or 
twe keys Qn the tenmu na le. SVe MMO uURt ioe! ‘that. anformait Ton 
into oreformatted nessaaces many manshours could be saved in 
the mayrtenance administration and squadron administration 
Brees. An examole of this capability is given under FSAR in 
the special acolications section. 

Tinroucghout the year: individual squadrons dercloy to 
HASe a Fallon for aporeximately two weeks of intensive flight 
meerations. Purina that period, aircraft parts are shuttled 
Demeeratlion via a crivate air carrier. The orderina of those 


Darts each cay is conoleted by telenohone, Not infrequently 
miyere 1S 4 risunderstanding as to what has heen ordered and 
Fomsequently a cart will not always arrive. Wisie Olt a net 
would perrit the buildina of a file as the part orders are 
recognized, and then the file could be transferred via net 
to Lemoore. Im addition to increasing aircraft availability 
hy better carts sunoly, there would he no misunderstanding 
aS to exactly what items were required. 

When the squadrons deoloy to NAS Fallon, the 
administrative deoartment normally remains behind at NAS 
memoore. that precludes inittiatina a mail shift FOF “Only 
the two week voeriod of deoloyment. What it does however, is 
fo. rpeautre lenatby teleohone conversations each day, 
maarormina the commanding officer of what action items have 


Some im at Lemoore. In some instances it necessitates 


forwarding corresoondence to Fallon on the narts transfer 
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at ecraft. Dm ee awl toma t Gussie no f RRPANET, asuser gets all 
mrs metwork mail Ses Sterminal» regcardless of where 
located. [It was previously mentioned that the author used 
Beemetwork while at Lemoore TAD during his thesis research. 
The network cares little where the individual is oeohysically 
located when LoOaatna rmmto Ais directory. Qne member of the 
monmmomes Glass. at NFS wemt TAD to Hawaii for two weekse 
Throughout tnat time shevused the ARPANET daily to keep up 


to date on assianment 


Ww) 
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Seer ectAL APPLICATIONS 

ineemurpose of th?rs section 1s to describe to the extent 
possible, Sone” . OF the soecial proarams that have been 
Mmm, OY mMdividuals other than the author, that are 
currently accessinle on the ARPANET. The proarams chosen 
are ones with which the autnor has worked and are examoles 
Beeeme types of aids which can be written and used. All but 
mare MYCIN and RITA are more oriented towards CS 
aoolications. Al] are jaAaVTeE at Vos of whet can be 
accomolished aiven a little timer orogrammina ability, core 
soace and interconnectivity. 


fee QUERY 3 


Querv3$ was based on the use of a natural languaaqe 
Systen man=machine interface and is the follow on to Queryed 
which stemmed from the Guery subsystem. That subsysten was 
mamoymally established as a. text editing/word ocrocessing 
Procram, and on more or less of a challenge was changed into 


the very basic auery subsystem in a fwo to three day period. 
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Pr. Jorn Schill! was the desianer and programmer. After that 
initial effort, 300re0ximately a month was expended 
epereasinea the cadahbility of Query and making it a =*more 
useable orooran from the man-=machine interface viewpoint. 
Bram there, the effort to turn the proaqram into one which 
responded to near natural enolisnh lanquage commands entailed 
memaener six month effort. -Durina that time the orogram had 


Stamaardsoneonly two database Commands amd a 
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Mmmercmcatanase of 7f shins, wo to one of over thirty 


Pommands and a Gyvynamic datanase of in excess of five hundred 


ib 
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iY) 
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oO 
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ip 
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om 


shins and some one hundrede-thirty ports 
mmmerrmo Doth the Pacific and Atlantic Oceans. 

NMithough the Suery3 system is a structured system in 
POW the guestions Have to be asked, it has heen found to be 
memyeeranid 19 rescanse and easv to use once that structuring 
7s learned. Por tne | authors the llearoing ceriods toa 
reasonsnly useful level of acconolishnent, was something 
Bmoer five nours. Annee that level of comoetency of the 
System was reached, the user was able to exercise an 
optional verbosity feature which greatly increased the spneed 
of resoonse. 

With the normal verbosity the system opromots the 
user and that orompotina takes a certain amount of added time 
mmrem Fas notnina to go with actually findina the requested 


data. A Bea! minimum verbosity the questions can oroceed as 


Meentences as onvnsed to individual words at a . time. An 


examnle of the two levels of verbosity: follows. Normal 
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Mapas by tne user are im the form of one or two Tetters of 
fhe command, followed bv a Garrrage return. The proaram 


Beemonses are in caovital letters followed by a colon. 


Fitmievearaas wt v 2 
eens Cs ohow €s All (slatforms) GK/C: Within 
Pome. A900 “C2 Nautical Criltes of) °-Ce Me OK: 
weuse lay format?) C2 Tabular Ck: 
NK 714 HANMINEA 
Minimum Verhosity: 
Cee ys C2 Show All! Colatforms Nithin 490 Nautical 


imiles of) Me Taoular OK: 
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Bae LADDER 


Lansauaae Aecess, fo .PiStributed = Data with Error 
Recovery, or LADDER, is similar to the previously described 
BUERY in that it allows the use of english like commands to 
9 datsacase ONO Ine Va tommat 1oOm.s CGther than that the two 
meeeenms are as aifferent as dayliaht and Gaink. LANDER is 
BOvertised aS 3 ononstructured language. However, it was 
@iscovered after some use that when questions are asked in a 
eertain manner the machine responds much more quickly and 
mrequentliy. LADNER was develooed by Dr. Earl Sacerdoti and 
wt. Uaniel Sagalowicz of Stanford Pesearch Institute. The 
functional elements of Ladder are three in number. The user 
asks a auie St 10 wipe h 1S processed (through a Natural 
mamguacae Processor and then passed into an Intelligent Nata 


Meeess and thence to the Larae Distrihuted Datahases. Once 
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Phe simformation is obtained the reverse process 18 followed 


fPoemoresent the user with the information in enalish language 


As the name inmnlies, there are severs3l databases 
feeessed by LADDER, At the time of writtna‘of this thesis 
the orogram had access to fourteen files. The idea of the 
different files is to simulate a Navy command and contro] 
System for the Atlantic Ocean and Mediterranean Sea. Such a 
System simulates navina oackuo systems which could be 
accessei in the event of failures, and also demonstrates that 
nor atl information would he carried in one database. The 
databases include information on each ship, atrera tt 2 and 
oort, and have characteristics about those particular units 
mmoeerm the case of the movable olatformns, itneludes location 
and sneed i5ta. mene ashe ip latitainm® its: ) | harge~ senoughs« 
MMfOrMStion concerning embarked units is also included. 

OPK con hr eL ADDER ewas -obequnon tn 1977 and extended 
throush 1 7 Os In the meantime, work has started on a new 
System called hED (Transoortable Enalishw*hased Data 
manaaer). Brew | seventually slead rmto sa csy's tem (ca llhed sTBAM 
(Transoortable Enalish Access Medium). Roth of those have 
improvenents a) database access and will show qreat 
improvements in the man=machine interface capability. 


H. FSAR/SAR 


There are two orograms for search and rescue on the 
ARPANET 2)ic the Gime ot thie Muli) timc) Ohtani is: fineisi Ste One 


Mamed SA® and another named FSAR are for ariel intents and 
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DuUrFOOsSesS ceneraliv the same. The FSAR has some features 
mat allow octions as ta which phase of the search and 
rescue is foe be nruin (mexitta makina crt: sh ohtky vbetiteris The 
Peason for the qualifier is that certain steps have to be 
performed before others in order for the demonstration to be 
meaninaful. Bssenitina kiya tite > program « ois desianed to 
mumurrate a aroun of incdividual command positions tied into a 
ermare metwork and furnishine saporooriate information on oa 
wear alitomatic basis. In other words, when a search and 
rescue 15 iAitiated, the system rsredesronedcrtoc obtain 
focation. Then if a weather report is requested, the system 
mer ao a comouter to  comouter Parris request. a* weather 
Segre nased on the initially entered data for locations 
merene time etcetera, and then return to “the main system. 
The weather, when okhtatined, 18 automatically forwarded to 
Phe command con7mouter location. 

While tne weather is heing generated by the fleet 
numerical weather center comnouter, the command center 
mememcer is accessing its datahase for the 'forstat' (forces 
meatus renorts) which tells the commander which shios are 
available, their lo@atticn and sab rhitvoctoe asisivst. The 
@accessina of this latter data is performed at sites remotely 
mecated from the command center comouter. rheracdata of 
Fiaqure “ of Annendix 4% shows, for the demonstration orogram, 
how the varinus conmand levels are distributed to various 
Ber ANET Host locations to simulate the assorted remote sites 


Bejma accesses. 
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one. tune forstat information is gathered the 
computer is eselsilayG — O)r being ealled upon for a reoort 
assimilation and forwardina. The command center comouter is 
erogranmed to retain certain vertinent information from the 
questions it had ereviously asked the user. That 
information is then recalled by the comouters, entered into 
approoriate portions of 4a oreformatted messaae, and then 
mmesemted to tne user for aporoval/additions before release. 

A funetionina system wauld of course have tio) wibie 
ealeasisif1e0 Wink Yesipverrsir to contain the reauired forces status 
reports information. However, hy generation of the 
information only for aemanstration, the programs are kevot on 
mine! assified level. FSAR is a simple, straiaht forward 
demonstration o f sone Of the command and control] 
Carabilities which have been develooed on the ARPANET. With 
Beey little imacsination he is simole to see how such a 
Metwork installed at the wina level on naval air stations 
would enahle the wina commander to have a real=time readout 
Bresaquadron status in everything from aircraft and personne] 
Se oarts and training. Ags they currently exists, most wings 
Mert a single readout of squadron status once a day in the 
mornina. The renuirement aboard ship is even more real for 
Bich 3 System. here assets deternine the action 3 
mmmandier can take in amy given tactical situations it is 
imperative to have the most recent information available. 


4 MYC TM 


VYCIN 31S an experimental medical consultation system 
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develoned art the Saniora: wuinniviersh ty. = Medi carl Center in 
eonjunction with the Stanford Research Institute. bt was 
desianes to select arta Ov ot 1¢ therany for bacterial 


mfectionrs ana includes selfedocumentation on: 1) commands 
Preostartinc and wsina the oroarams 2) oraanization and 
Suetory of the system, and 3) hints that would assist the 
ser in obtainina best results from the system's features. 
The develooment beasn in 1972 around the idea of a 


meeagram for assistine ohysictan nonsoecialists with the 


Berection of therary for Hacker al tim heacoVronsi. Roth 
Onystcians and comouter scientists worked toaether to 
Behteve that end. Much discussion led to 3 rulesoriented 


System that used’ “thie -soecific ! crvteriva "of defini nig’ the 
mectston itens necessary for diaanosis. hres "Goal 'waise “tok bie 


aole to model th thouant and decision processes used by 


is) 


medical exoearts. From ic Inpeety four primary aoals were 
genveved ov the orogram: 
1) geoeioge whether the patwent had a 
SHEeTRIN fai Gant eMmelcitet Olney: 


>?) determine the likely identity of 
the offennsina oraanisms 


3) deeide what druas were ast to he 
effective against that oraanism; 


He eheose sthe drug that wails most 
aopecortate, Giver the. patient's 
Gism cal Gomaniet vom. 


ino? "aie have 'v that aoal, aco roximateliyss 200°. decision 


Dd 


rules nave dean nNGeniGl tued ate the time Of writing of this 


thesis. Those are used to,form three in-proaram systems; 
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one each for consultation, exolanation and rulesacquisition. 
Mae consultation system is the first main subsystem and the 
mame theough which 311 others are accessed. Tt is the system 
where natient data is requested and Input to the system. 
The exoclanation systen is the one called by the user when he 
desires to understand how the theraveutic recommendation has 
heen made. Tne rulesacquisition system was unavailable at 
that time, out was Jesianed to allow the addition of new 
ess or tS adiust existing rules. 

In a samole session then, the srogram starts by 
askina Cio musear several auestions whieh lead the orogqram to 
3 diaanosis. Certarn. tCysina errors, such as minor 


missoellinas, are Ov 


a) 


rlooked by the system. Large errors 


Gam be deleted with normal contro) functions exoected on 


O 
4 


BREANET systems. fact nerusemrm Ss Umeeimtan mLot hits lamSwenms he 
faiowed to modify his response. That 18 accomolished by 


placing 3 numocer fr 1 to 10 im parentheses following the 


Oo 
3 


answer a31iven. neu 10 Vanifies absolute Certainty . of the 


a 


— 


meerms answer and aii virtually indicates that it is a guess. 
me mo entry 16 made the system defaults to absolute 
certainty. Naliaintar ola Vivir if the user desires to change an 
emswer, the canahility exists. One simolyv tyoes the word 
Se vece followed ov the numoer of the-auestion for which the 
Cnanoe is desired. Tf the user does not desire to guess at 
@ questions ne can answer unknown. This mrecludes possibly 
mMisleadina the croaran. 
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1S ask tas In l,oot Pomel Vegooesity feature allows additional 
Pimoawiror the specific question concerned. The user simply 


fyoes a auestfigon mark. 


Sample esnronse user imowt follows ‘the xx") 
Does the patient havea risk factor for 
tuberculosis? 
ke ° 
Nne ar more of the followina are considered 
BEE tractors for thbs,a) positive PPD €5TU), 
Peenistory of close contact with a person 
hoavaimoae active ts, ¢), household member with 
MSast npstory ef active tb, d) chest X-rav 
showina acical scarrina, e) aranulomas seen 
emeroosy of any craan tissue. 


Expected resoonses are: YES NO 
Smiter ele. tor user options. 
ie NES 
Ma tne end of the session the user is permitted to 
Peyiew the case ard +f desired can save the file from the 


session comoletec,. 
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Ene Analytre Strike Timina Decision Aid ts a program 
fhat assists the commander (Cairwing commander, task group 
commander, etc.) in ehnoosina the most likely time for 
Bamening an air strike against opposing forces. Most 
Tikely is defined to be the time with the best OIrobab il aety. 
Mor a successful actack and oa sate return ‘to the” atreratt 
carrier. ImApues fo “the ~atd includes aurerat readiness 
meemres for the attack and fiahter aircraft aboard the 
mrrcraft carrier; exoected orobabilities anda percentages for 
cloud cover enroute to and Qn return from the taraet; 


estimates for the one9sina forces status (both ania and 
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Pecovery. The tyne aircraft are reflected as current fleet 
and Russian tyoes. 

pen enterinay fthe.aidsy the.user. 71s given a’. menu-- of 
ene Various .cetions Ehat, ere, available to, him. These are 
7tems such as reviewina readiness status reports for the 
friendly forces, Stew, Uncerthe,user.jis, satisfiedrwith all 
Mmempes, he is able te rum the oroagram ana then receive a 
Beaaout of the times for launch, with likselihood,of success 
Values given for each. 

ire essence of the. ofagram's. working. .js —that ae 
takes a]! the inouts ant uses a “Monte Carlo tyoe orobability 
fmemeartyon to furnish the values for the vartous attack 
tines. Erqgures, 3=A in Apooendi»x B show some of the menu 
moeecionm tables and the results of a run with that data. 


6. SURV AY 


a she author jhe Satellite. Surveitiance Avoidance 
Notimization Aid 1s one of the most Imoressive. 
meopeionallyr its functionality, usefulness and aoplication 
€an readily be seen. LNenaue, 1s torolottuanmt acest or la asihne 
meansiting sore aiven geogranhic area that 18 covered by 
Russian satellites, The user is asked several questions by 
mae morogram in order to achieve its aoal. Inouts are ytems 
meme las the shin's. minimum and maximum speeds and the 
Incremental adiustments allowed. Amount of course deviation 
allowed and amount of total delay allowed are also queries 


By the Droaram. That information, ey ieane) alia’ some other 


minor jwens, iS then comoearec withim the program to furnish 
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Bmemuserm with a four faceted outout (with graphics). 

Me stirs oubpout, ns a ber caraph and listing of the 
recommended ss2eed of advance for Eine. SiMe. The second 
Beem to 1S 35 aeograohic map of that eortion of the earth's 
Gumrece the ship is to traverses, and the position of 
meine Ggetectians by a satellite on that track. There is 
also a lishing « With the mao givina time, and latitude and 
Hongitude for each detection zone. ihe Sthird item. Ys “an 


interceot avoidance 


inaomesatelliite tracks 


and overl3os mn th 


myveg my the user, th 
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Gomouter oroaram. 
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orofile comoarina distance versus time. 


are plotted vertically showing breaks 


a coverage. Staying within the window 


e croaram then aftemots to graw the 


cK avoidina eressing as many satellite 


aesit o f potential 


Saeelst ye om tical, eal miter 


times of detection. 


llicent Terminal Agent was develonved at 


WORK -aS am jmteliadent terminal agent 


effort was a oart of a larger 


jthin tne Defense Advancea Researcn 


A has been desiqned as a front end to 


and metwonrks. Areas of application 
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ums wunder the 'inix svstems. [te 3S run em @ rule=dased 
eyvetem which allows the user ta establish the rules for the 
Srpercular- control or orohlem item. Once the rules have 
been constructed the ovroacram entries are then essentially 
Filtered throuagk = several IF*-THEN rules to getermine the 


next steo. A a function of various objsectrattribute=-values 


w 


the user stores «data in the system. There can be several 
memrppoutes for a siven object, but each must have a distinct 
name. Normally, an aftribute can have a sinale values an 
mreered list of values or no value. For any given item, the 
marae 1S CcOmoOareg against the IF, and as a function of the 


ememise established, aoolies some action. 
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A macmrolLOGY, EXISTS. TODAY 

meeerise of comouters and their.use. since the early 
Mercury Space Program Aas been nohenomenal. There 18 no 
Boome tnat commuters can- be. acapted to most Situations. 


the minicomouters used in the 


Ww 
“+ 
ae 
5 
O 
A 


Todav svsters exi 
Saichvucual househola to the “orld Wide Military Command and 


ys UineeNOlniele wor iLoiinc utane: WWieSlen “NLeWwiSuLainic 


( 


momeral Systen (“AMCC 
World Reoort il! ocotnted out that at that time ten aovernment 
aasncies had 4576 Aatiaesvc Gems owtth ) esl S75 bullion 
individual's records oeing maintained on those systems. Nf 
those systens, the Department cof Defense had just under 
mm@e=-nalf of them (e219). NE that time the) Government was 
Buying or leasina petter than 1500 new systems each year. 
Meer tne FADIA Growth of electronic technoloay in the oast 
few years, Eas  fraqune wild Gentintie. to grow. Ms. Ruth 
Daviss Decuty 'Inder Secretary for Research and Advanced 
Technoloay, discusseco the key challenges to C3 in an issue 
Meee renmse 80.f5) In that article Dr. Davis spoke of the 
oreat advantane tnrat tne develooment of Very High Sneed 
mmteagrated Circuits (VHSIC) will have on future technology 
advances int IGS ijth tie cadaeabrlity to desian and oroduce 
morvd state circuitry only one and onerhalf to two microns 


thick fae hate rs nominally 70 macrons thirek) the ability to 


Miniaturize and mass orodcuce computers can only continue to 
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aoron at unorecedents®) rates. Kt the. same time the costs of 
fhase systens will) droo areatly. tne hand hela ~ealiqulator 
fees prime example of how orices rapidly make a downward 
Berral with increased oroduction. 

Mirth the advent of thait technolacy Into the market 
olace, 3nd the role the comouter nas gained in the defense 
desartment, it has become incumbent uoon each manager to 
understand rhe Jj nereased- ‘casabititives  Ehaet exist; the 
increased requirenent for oronoer respons bt lity to 
management of those svstems; and the necessity for properly 
Bemelyina the existina technoloay to better connectivity and 


Berformance of nis jod requirements. 


Bs cost he RRPARIVELY -INEXPFENSIVE 

Bmem Soeakinc lof cost, the first thought was that the 
AKDANET VAS A verv exoensive system to install and maintain 
for NAS Lemoore. kflS” VUANTC Yoreetoraqanization’ were’ "tere be 
meerana from zero assets, or if a unit had not oreviously 
eonsidered installina comouter equioment at all, then that 
Bssumotion was aenerally a good one. EAS thet instance of 
Beamsvderina installation of ARPANET TIP's at Navy sites, the 
Bere “picture reeds to be examined against a minimum of 
three itens, relative coste interconnectivity, and existence 
of necessery eautonent. 

At Lemoore, there are currentlv three existing systens, 
Pwo other units have initiated administrative porocedures for 
Orocurement, and an additional three other activities shaw 


mesime for and would benefit from comouters. Those units do 
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not include tna tem opersatirane! squadrons stationed at 
memoore which also can again benefits from a computer svstem. 
Purchase of minicomouter systems tor each o f those 
mamurtres 1S estimated to be £60,000. That estimate is 
Basea on GSA orices sudmitted by Nana Laboratories, 
Incoroorate.. If only six of the squadrons are considered 
to be at Lemnore at one tine, the total reauirement would be 
Bares eleven adaitional units. The initial costs would come 
Bapeo0,090 for sufficient ninicomcouters to -sueport the 
mares nmeetina then. The yearly maintenance cost (hased on 
Bmeestimate for tne tiana 2009 system by company tndividuals) 
would oe £6,948 oer system, or $66,528 per year for the 
Bleven systems. A oreaKkdown of these costs is shown jin 
mraure © Of Adcentiy 3. 

mre these fiqures ara cCcomoazred to the estimated 
miaieantation cost. of $100,000 for the ARPANET TIP C€with two 
POP=11's), olus 764,000 yearly fees for ARPANET maintenance, 
Pye mMinicomouter amounts are six times hiaher. The price 
_emeearat TIP installation is for a system that would supoort 


20 terminal cor Pre "stanitrveant factor 1s that only with 


+ 
a 
. 


an ARPANFET system can the individual units on thie =stat ion 
Mave connectivity with each other and with untts on other 
mast S . tnewestimated cost for that conmmectivity of twenty 
units is Svan? tficant | y less than eleven individual 
minicomouters. Core  “Linme- ane. accounts —eould calrso be 
established for units such as the commissary, and the navy 


exchanoce which would reaguce costs further. Considering the 
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Savings AES Cuisscan Ora Ouisiy in Shvics thesis (manshours, 
ewe ere.) the cost for an ARPANET connection~ would be 
consigered less. From that standpoint, the cost is 
relatively jinexvoensive. It is believed by this author that 
men. such. a system, more and more new ways to utilize the 
monmmectivity for increased savinas im manshours would be 
realized So system taniiinartcy  vnecreased, which would 


decrease monthly factors even more. 


Meee EE FOR INTERCCOMPUTER CONNECTIVITY EXISTS 

The reader right conclude that this thesis has. been 
Mwelling on the need for connectivity of comouters among 
memeeemat the naval station. That conclusion is valid. Et 
was that imuLenrGonmect Lon .Of data tlow whieh sc one 
Samer author when he was exoosed to the ARPANET. It was the 
Same connectivity thst instilled the thoucht of many man= 
means Of SAVINGS sat naval installations. It was the same 
mransfer of tntormation. that was requireac to keeo the 
Commander informes of enemy actions, that was lacking in 
Paited States tases nhere conmanders needed to know what 
Pheir own forces were doina. That has been the case at 
every Mastaliatton .on which the author has served since 
B9765. If the counter to that would be that computers have 
mot existed in quantity, then mavde it is time to plan for 
mee future and the advent of ae mMighly — Comouterized navy, 
@efense departments, and nation. Livina in a world where 
missiles can reach halfway arouna that world in less tnan 


mero oan Nour, it’is folly to tolerate continued manioulation 
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aaa tramnster of informatton’ by manual means. le ewiltiebe. the 
SBommander who Ras arn adequate araso af prooer command, 
cortrol] Ande COMMUNTGat Ttanse thats owt hl beh they qualvéted 
officer, leader, ang manager ofethe navyvof the etehties. 
Smryewrth «such systers will the rocommander’ besrabhe. to 
oroserly utilize the ever decreasing availability of 
personnel, oetroleum and other resources so necessary for 
readiness. Tne interconnectivityv is recuired. 

Posebysome individuals have -recoanized the need . for 
inmrerconnectivity is recoanized byerthe Sexistenceg ef 
epeerconmectina systems. The ATSS units at most naval air 
Stations, and the Airoorne Neanvons Corrective Action Program 
SPMCAP) in the Navy are exannies of workina interconnected 


has meen atscussed. The AWCAP system 


Ws 


svstens. The ATSs 
ties tocetner seventeen ACLAViEt Tes: oTrom California to 
ieesoury to “Washinaton,s D.C. besastusednonly forsorocessing 
meaeons information, but jts use does show the need for 


Bererconnectivity has been recognized. 


Memeerre Re WOULD RE A SAVINGS IN RESOURCES 

ten tn the limited scoce of the author’s assessment. of 
Sry one naval installation, it has heen shown that such a 
System couls reduce mancrhours, fuel and vehicle costs-r, and 
time ost fo dats treanster at MAS Lemoore. These valuaole 
meeetsS become more and more critical to readiness with each 
Oassina aay. Tne itnited States Army recently pointed out 
Baae the averane education level of the new enlistee has 


heen ainoaeima sinee the end of the drat. Likewise, nearly 
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meee rourth (75 ocercent) of the U.S. Navy enlistees in 1979 
ard not have -“a:.hiah school dpebomas. £12) The volunteer 
Service is not drawina the better educated, highly motivated 
macdyyidual . Genera | Danatad starry , head of the Army 


+) 


fpanmina and Doctrine Command, stated that sixty percent of 


the Army's recruits are below average tin intelliaence. [18] 


The Arm 
the ei 
arade } 
Bernard 
ordered 


The exi 


y Times reocerted that most enlistees read at or below 
ahtn aeade level, one in five read at the seventh 
evel, and 3a few read at. a third grade level. General 

Veexocers, while the Ancmy Chief. of. Staff in, 1978, 


at manuals rewritten to a.seventh grade Teve}.{f{13] 
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Sting new technologies must be included in day to day 


memmetions if the limited resource of auality individuals is 


eoyma to continue to 
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Tae orrces have inereased, this nation has seen the 


Gucesacks on fue] ror; Cats, aircraft, and homes. 


another resource reauired for adequate readiness has 
Ean short siweoly. The rising erices of that asset are 
discuss because they incr2ase almost daily. The 
hose assets are saved, the better this nation will be 
€ can develoo new eneray needs. the ‘electronic 
heeot data, umtoarmation, and mail cam lead to some of 
ayinas. Fiaure 9 of Apoendix 8 ShOWS Some of the 
in resources for MAS Lenoore. Tnese savings amount 
httv more than three times the amount charged for 
maintenance and onerating costs on the ARPANET. 
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Meee UIPMENT EXISTS FOR TNCARE RATION 


were major maval arr station currently has ‘an ‘active 
moe or ATSS svstam. Atth that existina easuiement, an 
Meeene yt installation would cost only about one-sixth or 
one-seventh Jo “nue sas 1 the equiorent were not there. 
Bemoore naval station has a PDP=-11/70, two RPL=4s, one 
meanetic ta0e unit, cne hiah speed orinter, six low sveed 
mermeers (LA=-55), and 46 terminals. That equioment is tied 
Semeeeie ASS and because of ATSS requirements is virtually 
Pimited for use onlv with the Fleet Readiness Aviation 
Maintenance Proaran. QNnce on an ARPANET system, directories 
mola be established at ether facilities for small monthly 
fees. iro author had two dyrectories at Information 
mememees Institute at the University of Southern California. 
The monthly charae suring the neaviest usage (averaging 425 
HouGs Oer dayr seven days a week) was under $100. Two free 
directories were requested and obtained at the Massachusetts 
Bastytute of Technoloayv. Another free directory on a. linix 
System was discovered tut never utilizes. Thuse from an 


Existing eauionment standocint, it would be no najor task to 


be connected to 


Mee ODLTIONAL RESFARCH IS NEEDED 

This thesis has rade an assessment based on only one 
naval Stat ion. Recause of limited time for research and 
Mera Gatherina, inability to olace a dollar fiqure on many 


murendibole bemefits of the system, and inability to research 


euemM a proiect on 4 navywide basis, the results of this 
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Saesis are of course incomolete. Insofar as the ultimate 
Savings and henefits cossioler were the iJnited States Navy 
to incoroerat=> ee) corouter fC) comcuter packet switching 


network navywidte, more research would he needed. Vite would 


he fan Ss autnor's recommendation that a test system be 
Bestablished at an individual base and recorded data of such 


a system 017e analyzed tor =a determine mores detan led cost 


effectiveness. 
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Meera LANGUAGES YSED CN THE ARPANET 
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Warious locations on the ARPANET. Wihere found at the using 
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This 75 s Gemonstration of a trainina tvoe proaram 
Usime the SRPANET bv means of a Unix system. This 
Short Orooram 1s to show some of the ways in which 
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Ope tne screen, inout the -number (1-4) of your choice. 
Por wrons choices, the exolanation details why it was 
mmemerect.) Good Luck. Enjoy yourself. 
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Phewtetter n - you Skip to the next auvuestion. 

tre letter cr — you return to the orevious auestion. 
the letter 3 = you will receive instructions. 
theelerter gq = you will? quit the session. 
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4 Plurrous Tlermimal Interface Processor CPTIP) 


Gammect . Pre Pipe ean accommodate im-excess of 18 
best conouters, and can accommodate 63 or more 
terminals, dependine on tS confiaquration. 


Sie N orooran not yet runnina on the ARPANET js: ? 
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4. That unit within the Advanced Research Projects 
Snicy Galled ACCAT wee ? 


1 Aviation Carrier Controlled Approach Team. 

e Advanced Command Cantrol Architectural Testbed. 
3 dvanced Carrier Contrel] Aircraft Trainer. 

4 dvenced Combat Certirficat ton Army Team. 
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Coricgect. the: vos of ACECAT vs to develop, test 
and evaluate new commands, control and 
Gommunrvecations (CS) systems for the U.S. Navy. 
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i MH medicine given to sailors overseas. 
2 \ cerfume advertised on television. 
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